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NEW 


"Cleiler Cand 


Illuminated Exit Signs by 
PERFECLITE 


There's 100% more Life 


als 
Nl od 


in Every Unit 


PERFECLITE 
PRODUCT 


* Patent Pending 


Units are Underwriters 
Laboratories, Inc. 
approved, and comply with 
National Electrical Code 








Electro-Gard Exit Units are equipped for two 25 w. lamps but 
only a single lamp operates at a time. When one burns out, 
the other comes on instantly due to an exclusive built-in 
electronic mechanism which works off the same voltage. The 
results: 100%, longer illumination—100% less maintenance 
worry. And since both lamps do not burn simultaneously, 
current consumption is greatly reduced as well. 


Electro-Gards are available for all surface type and recessed 
installations. Surface boxes are of 18 ga. press drawn steel, 
¥%"' KO’s top and side. Recessed boxes are of 20 ga. press 
drawn steel, six ’’’ KO’s. Both types can also be supplied 
in aluminum. The die formed 20 ga. steel frame is pivot 


hinged for easy servicing. 


Surface type and recessed units may be ordered in two face 
styles: hinged metal stencil face, 6” letters on fired green or 
red glass backing—or 6” letters on fired ceramic glass pane|— 
in four color combinations. 


All units are guaranteed for five years. 


For further information, mail the attached coupon today! 
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1457 East 40th Street 
Please send me the Perfeclite Data Folder EX-S9A. 


Cleveland 3, Ohio 
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Curtis Lighting 
helps 
Hallmark Cards 


say “Welcome!” 


s General office. Curtis Alzak aluminum low-brightness troffers assure glare-free 
illumination throughout the area, combining visual well-being with visual charm. 


Special illumination effects in greeting card building . . . 
accent high visual comfort... create a feeling of friendliness 


It’s only natural that a greeting card company would want to capture the 
spirit of its product in its headquarters building. And that was done at 
Hallmark Cards, Kansas City, Missouri. Technically, the lighting problem 
called for a system that would be uniform throughout the structure, yet 
provide the same glare-free illumination in rooms of various sizes. The 
assignment clearly prescribed Curtis Visioneering. The desired result was 
effected when Curtis designed a lighting system combining Curtis Alzak 
aluminum low-brightness troffers and Curtis Vari-Spot recessed incandes- 
cent units. The careful application of Curtis products completed the theme 
of visual charm and warm greeting, thus accentuating the aesthetic char- 
acteristics of the Hallmark Cards building. For assistance on your lighting 
problems write for the name of the Curtis Visioneer nearest you. Curtis 
Lighting, Inc., 6135 W. 65th Street, Chicago 38, Illinois. In Canada: 


195 Wicksteed Avenue, Leaside, Toronto 17, Ontario. 


CURTIS 


Visioneers in Planned Lighting 





Application Check -List 
for Crouse-Hinds Floodlighting 


SPORTS: Stodic * Ball Parks © Swimming Pools (in- 
joor & Outdoor) © Gymnasiums © All Summer & 
Winter Sports (indoor & Outdoor 


DECORATIVE & DISPLAY: Stotves, Fountains, Me- 
moricls & Monuments © Public Gardens © Building 
trances ® Pork, Playground & Cemetery 


BUSINESS: Shopping Areas * Drive-ins, Outdoor 
Theoters © Building Fronts & Entrances @ Recreation 
Parks © Gas Stations 


AIRPORT: Ramps * Boarding & Loading ® Street & 
Rood Approaches to Airport © Markers & Beacons © 


Emergency Portables 


CONSTRUCTION: Roods & Streets © Dams, Seaways 
& Piers © Detours © Buildings © Reconstruction of 


Disaster Areas 


INDUSTRIAL AND UTILITY: Porking Arecs * 
Freight Yards © Weigh Stations © Docks & Piers © 
Staging Areas ® Production Work Areas 


TRAFFIC: Tunnels © Vioducts © Bridges © Under- 
posses © Walks © Public Squores, Thruway Inter- 
changes & Rest Areas © Cloverieafs © Parking Areas 


UNDER WATER: Swimming Pools (Indoor & Outdoor) 
* Marine Life Displays © Municipal Garden Pools © 
Aquariums © Divers’ Portable Units 


HAZARDOUS: Explosion-Proof Lighting for: Petro- 
leum Refineries © Chemical Plants © Explosive Plants ® 


Service Stations 
SPECIAL PURPOSE: Plont Protection (Floodlighting 


for Safety) @ Estate Lighting © Portable Floodlighting 
for Parades, Bandstands, etc 


ELECTRICAL 
DISTRIBUTORS 


» Incandescent or Mercury Vapor...you can get a 


CROUSE-HINDS Floodlight 
...for every possible application 


Name your floodlighting need — for construction, emergency, utility, 
traffic, display, decoration, sports, underwater, or hazardous-area 
use. Crouse-Hinds can supply floodlights designed specifically for 
each application. 


A quick scanning of the widely varied eens included in the 
Check-List at left proves again that floodlights often provide better 
light from few source points at less cost than conventional lighting. 


For the broadest experience and skill in every conceivable situation 
where floodlighting may be of use . call on Crouse-Hinds. Our 
field engineers will gladly assist with your planning. Just call your 
Crouse-Hinds distributor, or the nearest sales office or yt —gaaaaa 
listed below. 

= rs 
Send us a brief description of your lighting Te 
problem, or an indication of the floodlight types 
in which you are interested. We will send ak 


literature ae product information ap- 
plying to your problem by return mail. 


CROUSE-HINDS company 


Main Office and Factory: Syracuse. N. Y. 
Crouse-Hinds Company of Canada, Ltd., Toronto, Ont. 





Offices: Baton Rouge irmingham o uffalo Chicago Cincinnati Cleveland Corpus-Christi Dallas Denver Detroit Houston idianapoli Kansas City 
Los Angeles Milwauk Nev le Philadelphia Pittsburgh Portland, Ore Salt Lake City St.Louis St.Paul Sar isco Seattle Tulsa 
Washington RESIDENT REPRESENT rES Iban Atlanta Baltimore Charlotte Chattanooga Jacksonville Reading, Pa tichmor c Shreveport 





Re-lighting— 
On the Docket 


Sometimes overlooked, or underestimated, the 


need for up-to-date lighting which meets recom- 
in city and county 
Too 


often the processes of law and order are conducted 


mended practice is as great 
governmental buildings as in any other area. 
under lighting systems installed 40 to 50 years ago 
when the buildings were first constructed 
Alleviating this condition and providing comfort 
able environments for all due process of law made 
the installations shown here entries in IES Section 


Chapter My Most Interesting Lighting Job contests. 
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LMM 





It isn’t often that City Hall burns down, but it 
happened in Chicago, offering an opportunity for a 
brand-new Before the 
under control, the Council Chamber 
completely And in the 
which began almost immediately, the lighting was 
Character 


lighting system. fire was 


brought was 
destroyed. re-building, 
designed into the architectural scheme. 
istics requested of the lighting system were: 

1) Good over-all illumination for a variety of 
intended uses; 
2) Varying footeandle levels in several areas 
without obvious brightness contrast—from 40 foot 
candles general to 70 at the rostrum; 

3) Minimum reflected glare from the specular 
surfaces, including the large highly-polished marble 
front wall, glass-walled visitors’ gallery and the 


polished walnut desks 


City of Chicago Council Chamber 


This installation won second prize 
in the 
Lighting 
Wallace . 
cago, Til 


Chicago Section’s contest. 
was desiqned by C. T. 
Curtis Lighting Inc., Chi 


FEBRUARY 1959 


(4) Balance of color to enhance the materials 
and fabrics selected by the architect ; 
5) Protection from direct glare for the visitors’ 
vallery on the second level of the room: 
6) Pleasant over-all environment 
To preserve the clean, uncluttered architectural 
design, completely concealed or recessed equipment 


chosen A 


fluorescent sources was selected for their color ren- 


was combination of incandescent and 
dition 

A suspended floating ceiling, part of the archi- 
tect’s plan, provided the means for recessing the 
incandescent Deep 


needed to prevent reflected glare from the marble 


recessing was 


downlights 


wall and direct glare in the visitors’ gallery. These 


units are equipped with parabolic Alzak aluminum 


reflectors. Around the perimeter, 300-watt flood 


Re lighting On the Docket 





lamps are used ; 300-watt spot lamps elsewhere. The 


perimeter units lighting the rostrum have adjust- 
able reflectors. Also highlighting the platform are 
is recessed lighting from vertical troffers installed 
behind the marble wall on either side. 

The floating ceiling also provided a cove for wall 


Cross-section of dome, taken from original 1897 prints, 


with new lighting superimposed on it. 


Re-lighting — On the Docket 


lighting. Single-lamp fluorescent strip units are 
wired on dimming ballasts for operating the 40- 
watt T12 rapid-start standard warm white lamps. 
Average illumination levels are those aimed at — 
70 footeandles at the rostrum and 40 in the general 


seating area. 


Ingham County Court House 


The dome area at Ingham County Court House, 
Mich., is not in the court room, as is more usual, but 
houses the stairs, circular balustrade and the main 
entrance. Distance from the top of the dome to 
the landing on the first floor is 36 feet. 

Originally the top of the dome contained nine 
painted glass panels through which sunlight was 
supposed to have supplemented the artificial light. 
In practice, this proved of no value. These panels 
were replaced by painted 34-inch plywood and five 
300-watt recessed downlights. Four paintings in 
the dome, of early pioneer days in the county, are 
lighted by eight 20-watt fluorescent strips in each 
of the existing coves. Urns in the first floor en- 
trance area provide indirect lighting which blends 
with the downlighting. 

The court house lighting of which this is a part 
won second prize in the Western Michigan Section’s 
contest. Lighting was desiqned by Dewayne R. 
Evans, Lighting Advisor, Consumers Power Co., 


Lansing, Mich 


First floor landing, left, and interior of 
dome, below, after re-lighting. 
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Clark County Court House 


This installation won second prize 
in the Midwestern Regional contest, 
having taken top honors in the In- 
diana Section. Robert Kempf, Jef- 
fersonville, Ind., was general con- 
tractor: Metzger Electric Coa. of 
Clarksville, Ind., was electrical con- 
tractor. Llaghting was designed by 
D. E. 


Coa of Indiana. 


Harrington, Public Service 


Because the seeing tasks ranged from easy to 
critical, a re-lighting program was called for in the 
1,920-square-foot court room in Jeffersonville, Clark 
County, Ind., to raise the levels from their former 
15 footeandles. And the lighting system was not to 
detract from the Victorian dignity of the room. 

Lawyers who use the court decided upon the floor 
and furniture arrangements. A geometric pattern 


of lighting units was then designed, to conform 


City of Oakland Council Chamber 


Until recently, the City of Oakland, Calif., Coun 
cil Chamber, located on the third floor of the City 
Hall, was equipped with electrical fixtures and 
furnishings dating back to its construction some 45 
years ago. Rather extensive electrical alterations 
were necessary in the plans for modernization, 
since the existing fixtures used for general illumi 
nation created considerable glare in the arched ceil 
ing and produced only five footcandles at desk level 

Seal of the City of Oakland is the basis for the 
decorative motif, being woven into a seven-foot 
diameter section of the rug at the center. At the 
front on a raised dais is the Mayor’s desk and 
around the circular Seal are the curved desks of 
the eight councilmen 

The central area is lighted by eight 1000-watt 
downlights mounted nearly at the center of the 
arched ceiling. The consulting decorator requested 
that the rosette fixtures be retained, to carry out 
the architectural design of the ceiling. These 


rosettes use long-life low-brightness lamps. Indirect 
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with the seeing tasks. Formed plastic-dish fixtures, 
in 4- by 4-foot and 2- by 4-foot sizes are recessed 
into a metal pan acoustical ceiling. Lamps are 48- 
inch T12 rapid-start standard cool white. Initial 
illumination level was 65 footeandles. 

ceiling 78%; plaster 
Bright- 


draperies 10 and 27; 


Surface reflectances are: 
walls 60% ; panel walls 27% ; floors 16% 
nesses in footlamberts are: 


earpet 15; furniture 22; walls 30; tile floor 15 


— 


a 
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ence Library at 

and distinct areas art 
several types of lighting 
varied in height over these 


luttered with unsightly pipes 


ading room, where documents and 

studied, requires high levels of illu 

tion. For this area, about 90 footeandles are 
ed by a luminous ceiling of corrugated vinyl 


This treatment also conceals the pipes and 
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lighting is provided by industrial-type fluorescent 
luminaires mounted at the sides of “cross” and 
“eurved side” coffers and aimed at the ceiling of the 
coffer. These reduce brightness contrast with the 
rosettes and increase the general lighting level. 

Cornice lighting is completely new. Lamp holders 
were installed inside the column area and suffi- 
cient plaster removed to allow light from the re- 
flector lamps to wash the ceiling in the council and 
gallery areas. Accent lighting for flags is with 
1000- and 750-watt angular downlights mounted at 
the plaster domes over the center rectangular re- 
cesses. Maximum lighting level at the center Seal 
is 70 footeandles, with 40 footeandles on the coun- 
cil desk tops 

This installation won third prize in the Golden 
Gate’s contest. Lighting was designed by Conrad 
S. Ottaway. Electrical Engineer with the City of 
Oakland, Calif 


ducts. In the clerical portion of the library, 40 
watt two-lamp recessed troffers, with 45- x 45-de- 
gree cut-off polystyrene louvers, provide a mini- 
mum of about 45 footeandles (along the walls 

A different effect is created in the librarian’s 
office, where four 2- x 4-foot surface mounted units 
are installed end-to-end These each have four 40- 
watt rapid-start lamps above the 2- x 2-foot acrylic 
panels. Brightnesses in the room vary from 13 foot- 
lamberts on the floor to 120 footlamberts on the 


luminous ceiling. 


Chicago City Hall 
Reference Library 


Lighting was designed by G. 
Loren Benbow, Benjamin Electric 
Vanufacturing Co., Des Plaines, 
Ill. This entry won third prize in 
the Chicago Section’s contest 
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Outdoor Applications of 


New Reflector Contour Designs for 
Higher Output Fluorescent Lamps 


Introduction 


The general lack of surrounding surfaces from 
which interflections can oceur in outdoor lighting 
puts special emphasis on control in luminaire de- 
sign. Furthermore, lighting engineers, and the 
public as well, are becoming more and more aware 
of the glare which is quite serious in many outdoor 
installations. This paper describes a few practical 
applications of a concept which is of value in the 
design of linear light source reflectors which maxi- 
mize control and minimize glare. The concept is 
described in a companion paper entitled “Con- 
trolled Fluorescent Reflector Design for Sharp Cut- 
off and Uniform Distribution” by Domina Eberle 
Spencer. It will suffice here to outline only its basic 
principles. 

1) A family of specular reflector contours are 
designed to be filled with an image of the light 
source as viewed from the most remote point to be 
illuminated 

2) A method of calculating the illumination 

its three vector components) at any point is given. 
This method of computation makes no assumption 
concerning relative reflector size and distance to 
the point to be illuminated. In other words, it does 
not depend on the inverse square law. 

3) A method of shielding the light source, with 
no sacrifice of illumination at the most remote point 
to be illuminated, is presented. All this results in 
some very practical advantages as will be demon- 
strated by the applications described herein. The 
advantages over previous methods of reflector de 
sign are: 

a) a single lamp per luminaire can produce 
as much illumination at a remote point as is 
possible with several lamps used with other re- 
flector designs, 

(b) a high degree of uniformity of illumina- 
tion can be obtained, and 


¢) the almost complete shielding makes low 


‘ 


A paper presented at the National Technical Conference of the 


Illuminating Engineering Society, August 17-22, 1958, Toronto, Ont 
AUTHORS Sylvania Electric Products Ir Sale Mass 
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Vew Reflector Contour De STS 


By S. C. PEEK 
Jj. P. KEENAN 


mounting feasible and results in little glare for 
high mounted applications 


Before proceeding with the applications, it would 
be well to point out that the recent introduction of 
higher brightness fluorescent lamps has given im 
petus to, and in some cases, made possible the in 
stallations to be described. Since the concept states 
that the illumination from a specular reflector 1s 
dependent upon its brightness and area as viewed 
from the point to be illuminated, the brightness of 
the light source and not its total lumen output 1s 
the most important factor. It is also important that 
the lamp be of uniform brightness so that its image 
and resultant illumination will also be uniform 
One other breakthrough which has helped to make 
this practical is the development of aluminized 
Mylar films 
surface material and when bonded to aluminum an 
The re- 


flector surface is protected by a Mylar film which 


These films can be applied to most any 
84 to 87 per cent reflectance is obtained 
is impervious to weathering. Heretofore, specular 


surfaces were hard to obtain and often inefficient 


after several years of exposure to the elements 


Low Mounted Applications 


The low mounted applications will be deseribed 


} 


only briefly, since one was described for airport 


Figure 1. Photograph of actual landing at Washington 
National Airport with low mounted fixtures. 
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FLAT MA 


Schematic drawing of the lamp and luminaire showing how 


various rays are reflected. 


illumi 

rs using 

anips wert 

circuit which employed a 

rned for this application. The 

uur as shown in Fig. 2A and 

little glare as viewed from the 
luminaire has bee 
Jersey Turnpik 


if this installation 


High Mounted Applications 


Fig. 2B illustrates the reflector contour for the 
"0-degree luminaire. The “20-degree” re 
ut-off, and is illustrative of the distance 


illuminated for a particular mounting 


Vew Reflector Contour Designs 


employing eight luminaires of this design 
employs one eight-foot VHO lamp and is mounted 


at 25 feet The 


PRINCIPAL 
REFLECTOR 


Figure 2B. Reflector contour for 20-degree 
luminaire. 


ight. The candlepower distribution and resultant 
isolux plot is contained in Dr. Spencer’s paper 
Fig. 4 is a night view of a parking lot installation 
Each 
fixture brightness is below 350 
footlamberts when viewed from above the cut-off 
angle. In fact, the glare is almost too low, for some 
ultimate users would like to have the source of 
illumination more obvious for commercial reasons 
The author, however, has the strong conviction that 
low brightness outdoor luminaires have a future; as 
the public becomes more accustomed to good light- 
ing, it will demand it. Perhaps, we of the lighting 
industry would like to show off our goods by shin- 
ing them in people’s eyes; however, we will be per- 
forming a better service by lighting surfaces which 
tell their own sales story in a way which is clearer 
to the consumer and is certainly less aggravating. 


This design produces over one footeandle on a 


Figure 3. Nighttime view of low 
mounted installation at New Jersey 
Turnpike together with an overhead 


system. 
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s 


horizontal surface at 50 feet from the base of a 


luminaire mounted 25 feet high; all this from a 
single VHO lamp in a reflector only 9 inches wide 
It is interesting to note that an 18-inch wide reflec- 
tor would produce twice this amount again, with 
The candlepower distribution curve 
This 


luminaire di 


only one lamp 
shows practically no light above 70 degrees 
is very uncommon for fluorescent 
signs. and makes possible the low mounting heights 
This, of course, is of economic advantage and also 


results in more light on vertical surfaces 


Vertical Surface Floodlighting 

There has been recent emphasis on floodlighting 
of vertical surfaces by means of fluorescent lamps 
Vertical surfaces are easily seen at a distance and 


ean be used to convey a sales message. Store or gas 


Figure 5. Vertical footcandle readings on a paintboard 
20 feet by 50 feet; maximum footcandles — 37, mini- 
mum footcandles—21, average footcandles — 27.3. 
Readings are vertical and corrected for angle. 
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New Reflector Contour Desiqns 


Figure 4. Nighttime photograph of 
parking lot installation using con- 
trolled fluorescent. 


station fronts, gas station pumps and billboards 
are all examples of this. Concentrated source flood- 
lights, such as incandescent lamps, tend to produce 
reflected 


sumption 


glare and are expensive in power con 
Ordinary fluorescent lamps and reflector 
designs are being used successfully in posterboard 


lighting where the total vertical height is of the 


order of 12 feet, but has resulted in serious non 
uniformity when attempts have been made to pro 
ject the light further 

With the use of the new technique, it was possible 
to synthesize a reflector contour which gave remark 
able uniformity over much larger areas. In this 
‘ase, uniformity was more important than cut-off, 
so no particular effort was made to obtain cut-off 
footeandle readings on a 


The resultant vertical 


P 2 MILES 
TURN RIGHT 
ON Eile 
Salem Rood 


Figure 6. Paintboard illuminated by five luminaires 


using new reflector design Each luminaire contains 


one eight-foot VHO lamp. 
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paintboard 20 feet by 50 feet are illustrated in Fig 


5. Fig. 6 shows a photograph of this paintboard 


illuminated by five luminaires designed in the man 
ner described 

foot VHO lamp 
is mounted at the bottom of the bulletin 


Each luminaire employs one eight- 

Each reflector is 2 feet wide, and 
The lumi- 
f aluminum with aluminized 


s and equipped with 


Conclusion 


The advent of r br ess fluorescent lamps 
ie availability of alumi- 


ross-section 


fle r surfaces and the develop- 


tin 

ematical concept to handle reflector 

all combined to make possible fluores- 
inaires of improved characteristics. 

es for fluorescent lamps have 

discarded because of the ap- 

possible with this light source 


an now be re-evaluated in 


deseribed herein 


DISCUSSION 


iware 
imp, iarge 
yublished by 


ig flood 


nbination 
installed 
rhe 

ap 


the 


normal 


on the 


Engineering 


ished in 


luable contribution to the 


er engineered approach 
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to the use of fluorescent lamps for outdoor lighting. In 
roadway lighting in particular, any sincere engineer must 
grit his teeth in frustration at the poor efficiency, inability 
to meet TES Recommended Practice distribution and the 
substantial glare actually obtained from most present-day 
fluorescent luminaires. The work done by Spencer and the 
authors in producing their new designs provide, for the first 
time, a suitable vertical distribution with good cut-off from 

fluorescent luminaire; one that can equal that obtainable 
from mercury and incandescent luminaires. The lack of 
lateral control still cannot be overcome, so these new de 
signs cannot provide high utilization for roadway lighting 
unless mounted longitudinal to the roadway. Some accept- 
able compromise with efficiency may be obtained with diag 
onal mountings on highway medial strips and it is hoped 
that further work will be done in this direction. 

The authors are to be commended for their philosophy in 
being aware of the concept of economy in the use of light. 
Witness their statement: “A single lamp per luminaire can 
produce as much illumination at a remote point as is pos- 
sible with several lamps used with other reflector designs.” 
This attitude is most refreshing. It is certainly contrary to 
the urge common to many illuminating engineers to “sell 
up.” Many in our profession need to consider, in general, 

ether or not we are promoting the use of more electricity 
ind more light or better and more economical lighting. The 


ipproach, based on this latter viewpoint, is most 


authors’ 


welcome 


C. Peek anp J. P. KEENAN:* We wish to thank Mr. 
art and Mr. Elmer for their comments. 
Hart suggests that quantity of light is more impor 
nt than quality in many outdoor applications. This con 
clusion, however, is not in agreement with visual facts. If 
one is interested in ability to see fine details, quantity and 
quality cannot be considered independ ntly The usual out 
door lighting produces useless mounds of light close to the 
luminaire and little elsewhere Both the non-uniformity in 
listribution on the illuminated surface and the glare from 
aires prevent one from becoming adapted to the 
direet glar in be eliminated and if the uni 
hting of the task is improved, visual benefits 
Improvement in quality will be more 


than large increments in the quantity of 
- ] . 


one way in which high quality outdoor 

become a disadvantage. This is the case in 

a means of attracting the public and 

though non-visual) purpose. 

in agreement with the suggestion that 

criteria used in this paper is not entirely satis- 

We have followed current practice in street light 

lesigning for uniform distribution of the incident 

ires a uniform appearance of the pavement 

is a perfectly diffusing surface. It is well known 

pavement surfaces are far from perfectly diffusing. 

However, despite a large amount of experimental work, an 

adequate method of specifying pavement surfaces is not yet 

available. Current measurements are dependent on the exact 

details of the experimental set-up and do not permit the 

prediction of the appearance of pavements under new sys 

tems of lighting. When the problem of specifying pave 

ment reflectance in a significant fashion is solved, we can 

look forward to new criteria for street and runway lighting 
which will be of actual visual significance 
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INSTALLATION IN THE RESIDENCE OF WILLIAM P. FINNERAN, 
COLUMBUS, OHIO. 


Functional Decorative Lighting 
For a Hall and Stairway 


LIGHTING OBJECTIVE: ‘To provide general illumination and decorative lighting for an 


hallway and staircase. 


22-66 


interior 


GENERAL INFORMATION: This bedroom hallway is 22 feet long, 4 feet 2 inches wide and has an 


8-foot high ceiling. The walls are papered 


turquoise background with black and white “invisible” 


plaid, 40 per cent average reflectance). The carpet for hall and stairway leading down to a 


recreation room is sandalwood, 35 per cent reflectance. Stair well ceiling is white, 80 per cent 


reflectance. 


INSTALLATION: Recessed in the hallway ceiling is a 100-watt Prescolite No. 811-6611 box with 


dropped opal glass cover. A lighted soffit (see Figs. 2 and 3) over the louvered and brick wall on 
the hallway side of the divider uses frosted glass as shielding. The average illumination in the 


hall 30 inches above the floor is 20 footeandles with all lighting equipment in use. 
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Functional Decorative Lighting for a Hall and Stairway (Continued) 
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RECESSED MINAIRE LIGHTED STAIRRAIL 
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f hall and stairway Figure 3. Section showing soffit, cove and sta 


lighting 


General illumination for the stair well is furnished by a Lightolier No. 7946 150-watt unit at 


the head of the stairs and by a cove over the louvered divider. The stair railing at the right has 


a 74-inch apron concealing three 30-watt fluorescent tubes which light the treads. With all light- 


equipment in use, the average illumination down the center of the stair well at 30 inches from 
and therefore not including the illumination from the stair rail lighting) is 10 foot- 


inv 
the treads 


eandles: the average on the stair treads is 25 footeandles. 


Lighting designed by Helen W. Marriott, Home Lighting Advisor, Columbus and 
Southern Ohio Electric Co., Columbus, Ohio; builder: William P. Finneran, 
Columbus, Ohio. 


Lighting data submitted by Helen W. Marriott as an illustration of good lighting 
practice and to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 





Evaluation of Performance of 


Polystyrene Components of Fluorescent Luminaires 
In Actual Service and Under Accelerated Testing 


a OLORATION of polystyrene (styrene) 


fixture components used for illumination control of 
fluorescent lighting does not follow a single time- 
color change pattern. Although many installations 
have given five years or longer service life without 
objectionable yellowing, instances of shorter ac- 
ceptable service life have been significant in num- 
ber. Impurities in styrene were a significant factor 
in many cases, but improvements in styrene pro- 
duction techniques have reduced this cause of rapid 
discoloration to a minimum. Other factors, not 
connected with styrene purity, have been found to 
be important. 

A paper presented at the National Technical Conference of the 
Illuminating Engineering Society, August 17-22, 1958, Toronto, Ont 
AUTHORS Monsanto Chemica o.. Plastics Division, Springfic 


Mass. This paper accepted by the Papers Committee of I.E.S8 s a 
Transaction of the I 


iminating Engineering S 


CHANGE IN YELLOWNESS AT 420 MU 


EXPOSURE TiME x 107 HOURS 


Figure 1. Effect of exposure time to 40-watt T12 day- 
light fluorescent lamp on white pigmented styrene at 
varying plastic-to-lamp distances. 
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Lamp Type and Plastic-to-Lamp Distance 


The discoloration of styrene subjected to ultra- 
violet light exposure is dependent on the intensity 
and the wavelength of the light emitted. The wave- 
lengths in the near ultraviolet below 400 my) are 
particularly destructive to styrene. Since the in- 
tensity varies with the distance of the lamp to the 
plastic diffuser or light shield, the shorter this dis- 
tance, the greater the destructive effect. Therefore, 
lamp selection and positioning affect the discolora- 
tion rate. Figs. 1 through 6 illustrate the increase 
in yellowness in general purpose styrene, with time, 
when exposed to six different 40-watt T-12 fluores- 
cent lamps. The effect of five different positioning 
distances is also shown 


The samples for this testing were mounted so as 


420 MU 


LOWNESS AT 


VEL 


N 


CHANGE 


EXPOSURE TIME x 10> HOURS 


Figure 2. Effect of exposure time to 40-watt T12 stand- 
ard warm white fluorescent lamp on white pigmented 


styrene at varying lamp-to-plastic distances. 
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EXPOSURE TIME x 10° HOURS EXPOSURE TIME x 10° HOURS 
Figure 4. Effect of exposure time to 40-watt T12 soft 


white fluorescent lamp on pigmented styrene at varying 
lamp-to-plastic distances. 


Figure 3. Effect of exposure time to 40-watt T12 stand- 
ard cool white fluorescent lamp on white pigmented 
styrene at varying lamp-to-plastic distances. 
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Figure 5. Effect of exposure time to 40-watt T12 deluxe Figure 6. Effect of exposure time to 40-watt T12 deluxe 
cool white fluorescent lamp on white pigmented styrene warm white fluorescent lamp on white pigmented styrene 
at varying lamp-to-plastic distances. at varying lamp-to-plastic distances. 
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not to obstruct free air passage keeping the black 
body temperature at 120-130F, which is believed 
to be a representative temperature in actual use. 
Higher temperatures increase discoloration rates. 
New lamps were used from one supplier but results 
from lamps of the same type from other suppliers 
are believed to give similar results since ultraviolet 
light emission is similar.’ 

Fig. 7 summarizes the data from Figs. 1 through 
6, details the exposure time required for various 
lamp types and plastic to lamp distances to achieve 
similar discoloration increases. (The data concern 
unstabilized general purpose styrene but perform- 
ance of ultraviolet stabilized general purpose sty- 
rene can be estimated by using a factor of 2.5, i.e. 
2.5 longer exposure to obtain the same discoloration 
level. 

Yellowness increases for Figs. 1 through 6 were 
measured by the difference in reflectance at 420 my. 
before and after exposure, instead of using trans- 
mission data and equations for calculating yellow- 
ing factor. Fig. 8 shows the validity of the use of 
this procedure. The upper curves show the effect 
of fluorescent light radiation on the spectral curves 
of white pigmented styrene. The lower curve illus- 
trates the difference in reflectance between the un- 
exposed and most discolored samples. The greatest 
change takes place at 420my. Therefore this point 


20,000 
19,000 + 
18,000 - 
17,000 + 
16,000 +- 
15,000 -- 
14000 +- 
13,000+- 
12000- 
1,000} 
10,000 +- 
9,000 


EQUAL YELLOWNESS HOURS 


3 4 5 os 
PLASTIC-TO-LAMP DISTANCE -INCHES 
Figure 7. Equal yellowness hours of continuous expo- 


sure at various plastic-to-lamp distances for six common 
fluorescent 40-watt T12 lamps. 
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UNEXPOSED 


Y MAXIMUM EXPOSURE 


PER CENT REFLECTANCE 


CHANGE IN REFLECTANCE BETWEEN 
UNEXPOSED & MAXIMAL EXPOSED 
SAMPLES 


400 420 456 500 550 
WAVELENGTH IN MILLIMICRONS 


Figure 8. Effect of fluorescent light radiation on spec- 
tral reflectance curves of white pigmented styrene. 


was selected as reflecting the greatest numerical 
change in yellowness and so the most sensitive 
measurement point. 


Fixture Design 


Discoloration rates have been found to increase 
more rapidly for plastic body temperature rises 
above 120-130F. (Insufficient data are available to 
completely detail the relationship of temperature 
and discoloration.) Luminaire design which limits 
free air passage may cause plastic body tempera- 
tures to rise above 130F and so accelerate discol- 


oration rates. 


Fixture Maintenance Practices 


Instances of discoloration of cleaning agents re- 
tained on the fixture and cleaning agent action to 
accelerate styrene discoloration are known 

[f lamp type, distance from lamp to plastic, lumi- 
naire design or maintenance practices inadver- 
tently combine unfavorably, unacceptable discol- 
oration results from short term exposure for this 
otherwise satisfactory plastic. This fact led to the 
search for ultraviolet light stabilizers for styrene. 
Many chemicals were known which would improve 
the performance of styrene by absorbing ultraviolet 
light more rapidly than styrene. The choice of the 
most suitable involved investigation of such factors 
as compatibility, heat stability at fabrication tem- 
peratures, color quality, and the effect on styrene 
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Figure 9a. Atlas Fadeometer. 
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Figure 9c. Solar energy. 


mechanical properties. However, the selection of 


the optimum ultraviolet light absorber involved the 


study of accelerated aging tests, since actual “use” 


testing would involve many years of testing before 


judgment of an acceptable product could be made. 

A method of accelerating ultraviolet light aging, 
to be of value, has to meet the following require 
ments 

a) The wavelength of the light source must 
losely duplicate fluorescent light emissions so that 
extrapolation of short term testing results to esti- 
mate maximum use life would be possible 

b) The test must be sufficiently accurate and 
reproducible to discriminate between levels of light 
stability achieved as formulae are varied either by 


quantity or type 


Tests Available 

A study of the available tests reveals the follow- 
ing information in regard to their meeting the 
above requirements 

Fadeometer (ASTM 822-46T )—The Atlas FDAR 
Fadeometer has a carbon-are light source with a 
Pyrex globe which limits the wavelength of light 


emitted. Samples are positioned in a cabinet at a 
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Figure 9b. S-1 Sunlamp. 
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Figure 9d, UViare. 


fixed distance from the light source and rotated in 
a vertical plane around the light. Carbon rods must 
be renewed and the glass filter cleaned, daily. 
Normal test duration is 500 hours. This equipment 
was selected for IES-SPI-NEMA jointly proposed 
specification for Class C (ultraviolet light stabil- 
ized) styrene. However, as shown in Fig. 9a, the 
spectral curve of the Fadeometer light source ra- 
diations has a maximum intensity of 390 my which 
is considerably different from the spectral curve of 
light emitted from a 40-watt T-12 standard cool 
white fluorescent lamp (an average lamp 

S-1 Sunlamp (ASTM 795-49T) The light 
source has a tungsten filament and a mercury are 
without a filter. Samples are rotated in a horizon- 
tal plane under the light source. Samples are cooled 
by circulating air and kept below 120F. Normal 
test duration is 500 hours. The spectral curve ob- 
tained from the S-1 Sunlamp has considerable 
radiations below 300 my so that it is not completely 
representative of the radiations emitted by an 
S-1 Sun- 
lamps vary in intensity when new and decrease in 
intensity with use. The normal test duration and 
the service life of the bulb is 500 hours. Therefore, 


average fluorescent lamp (see Fig. 9b). 
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it is difficult to obtain consistent light source inten- 
sity during any single test. 

Solar Radiation (ASTM 1435-56T ) - 
are exposed to combined sunlight and skylight on a 


Samples 


rack facing true south at an angle of 45 degrees to 


the horizontal. Significant data required six 
months to one year, depending on geographical 
location. The average radiation pattern compares 


closely to that of an average lamp (see Fig. 9c 


Reproducibility problems are obvious, since the 


intensity of ultraviolet light energy of sunlight and 
skylight varies regionally, seasonally, and annually 
UViare — The equipment is similar to that used 
with ASTM 795-49T. (#74A-10-700-watt mereury 
vapor lamp with #9700 Corex D giass filter.) The 
light source is a mercury discharge lamp with a 
glass filter which controls the wavelength of the 
light emitted. Samples are rotated in a horizontal 
plane under the light source. A 6-inch lamp to 
plastic distance is maintained. Sample tempera- 
tures are kept below 120F, by circulating air. The 
glass filter cuts off radiations below 300 my and 
allows a spectral distribution resembling that of the 
average lamp but is conisderably stronger at 365 
my (see Fig. 9d). The high intensity light source 
gives a high aging acceleration factor making test 
periods short. Significant judgment can be made 
after 150 hours of exposure or less. Since the serv- 
ice life of the light source is long (1000 hours 
reproducibility problems due to changing intensity 
during a test are not significant. 
Three 


fluorescent lamps (standard cool white) in stand 


Actual Exposure to Fluorescent Lamps 


ard reflecting luminaires were used as a light 
source. Continuous exposure at 11-inch plastic to 
lamp distance was used. Significant information 
for judgment was obtained after 1500 hours. Dis 
coloration rates are relatively slow by this method, 
and long term aging data require at least 10,000 
hours (14 months) 

To confirm the judgment and comments of the 


of continuous exposure 


previous section, tests were run using all five meth 
ods. Since duplicate tests were run on several 
pieces of the same apparatus, variations in light 
source intensity was noticed between instruments 
of the same type. To compensate for the variability 
in intensity, unstabilized samples of styrene were 
used as a control. Tests were carried out to a pre- 
determined vellowness level in the control samples, 
rather than for fixed periods of time. As a result, 
as can be seen in Fig. 10, single curves were ob- 
tained from data accumulated from tests run at 
different times with different pieces of the same 
type of equipment. 

While Fig. 9 indicates the degree to which the 
spectral discharge of test light sources duplicates 
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that of an average fluorescent lamp, Fig. 10 illus- 
trates the following: 

(a) The relationship between accelerated tests 
by Fadeometer, S-1 Sunlamp, solar energy, U Viare, 
and actual fluorescent light exposure with a com- 
mon factor of total light exposure. 

(b) The degree to which artificially accelerated 
tests compare with actual fluorescent light expo- 
sure. 

(c) The performance of a stabilized styrene to 


unstabilized styrene. 
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Figure 10. Lighting stability correlation between perma- 
tone styrene and unstabilized styrene under several 
accelerated tests. 

iits 

test 

ommon 

denominator would 
lifferent 


another design by essen 


iation existant 
a sample irrespe ‘ f 


sent the ution of the ommor 


n our laboratories This technique 


} 
instabilized styrene of a known stability 
by measuring incremental increases in 
mple when predetermined levels of 
yntrol sample of unstabilized styrene 
easu by reflectance at 420 mz) 
styrene ies plotted on the ordi 


represent the hyp 
zed styrene discolor 
additives Thus, 
zing system can be 
*s from the “equal 


correlation of the 

( lights the true 

o be use i iorescent light fixtures, 
stabilizing effect of the “A” 
assuming that actual expo- 


system 
accuracy 

with which each test represents the sys- 
obtained related to the A"’ stabilizing sys- 
y not show the same relationship. 


Popielsk i-McCarthy 87 





The common factor* of the total amount of light 
incident on both a stabilized styrene and unstabil- 
ized styrene eliminated the time factor in Fig. 10. 
the curves for the Fadeometer and S-1 
Sunlamp UViare, 144 


actual exposure, 7500 hours; and exposure 


Howe ver, 
represent 500-hour tests; 
hours ; 
to solar energy, 300 days. The “equal light stability 
line” was added to Fig. 10 to depict a stabilizing of 
no value, 1.é. If a 
more stable styrene is tested and compared to un- 


equal to unstabilized styrene 


stabilized styrene, a curve will result which will 
fall off the if plotted 
as in Fig. 10 


“equal light stability line,” 


“equal light stability line” 
The greater the distance from the 
the greater the effeec- 
tiveness of this stabilizing system. 

The following conelusions can be drawn from 
Fig. 10 

1) At 10 units of yellowing of the stabilized 


styrene, the Fadeometer tests indicates a discolora- 


tion resistance approximately 154 times that of un- 
stabilized styrene, the S-1 Sunlamp indicates 2% 
times the color stability and the exposure to solar 
energy indicates 31% times. Exposure to fluores- 
cent lamps and the UViare indicate that this sta- 
bilization system is approximately 3 to 3% times as 
resistant to discoloration by ultraviolet light as 
unstabilized styrene 

2) The UViare test which utilizes a light source 
closely duplicating the fluorescent lamp causes dis- 
coloration behavior in styrene most similar to that 
caused by fluorescent lamp exposure. Exposure to 
solar energy is next closest 


To determine if these results were specific to the 


ents on Fig. 10. 
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Figure 11. Light stability correlation between two sta- 
bilized styrene materials under several accelerated tests. 
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stabilizations system used, a second series of tests 
was conducted. Here a stabilized styrene B was 
used as a control instead of unstabilized styrene, 
and a stabilized styrene C was tested. A newly 
developed glass filter was used on the UViare to 
make it even more closely duplicate the spectral 
radiation of the average fluorescent lamp. This is 
marked Filter #2. Fig. 11 shows the results. 

As can be seen, only the UViare, with Filter #2 
and exposure to solar energy, closely duplicate the 
results of exposure to the standard warm white 
fluorescent lamp. Other results are sufficiently 
different to be of no value in judging these stabiliz- 
ing systems. The value of the UViare test with the 
new filter is, therefore, obvious. Not only does this 
test accelerate, by approximately fifty times, the 
discoloration rate but is also specific for testing ma- 
terials to be used in conjunction with fluorescent 
lights. 

It is, therefore, believed that the factors involved 
in the previous performance of styrene as fluores- 
cent light luminaire components have been isolated 
and that optimum performance can be obtained 
by proper selection of lamp type, plastic to lamp 
distance, luminaire design, and maintenance proce- 
dures. Since the installation and customer require- 
ments preclude wide latitudes of choice in this 
regard, an improved stability styrene is required 
to compensate for adverse installation require- 
ments. Since a test specific for this application is 
available to judge stabilizing systems, some ultra- 
violet stabilized styrenes have been developed and 
are in current use. We are confident that improved 
ultraviolet light stabilized styrenes will be devel- 
oped, utilizing the UViare test, which will show 
further improvement in discoloration resistance to 
the ultraviolet light from fluorescent lamps. In 
addition, short range programs are being carried 
out in our laboratories, with a major lamp manu- 
facturer, to evaluate the effect of phosphors on 
plastics, to allow for optimum selection of these 
phosphors in tubes to be used in conjunction with 
plastics. A long range program is being carried 
out by the lamp manufacturer in selecting glass 
envelopes which will prevent high emission of 
ultraviolet light. The net result of all these proj- 
ects will be the increased usage of plastics in light- 
ing, where, we in the plastics industry believe, they 


are ideally suited. 
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DISCUSSION 


G. R. BaumGarTNER:* It would seem advisable to indicate 
the date of manufacture of the samples in Figs. 1 to 6. 

While this paper deals principally with the color stabiliza 
tion of styrene, I wish to congratulate the plastic industry 
not only for a fine job in the improvements they are making 
along these lines, but also for the techniques of molding, 
extruding, forming and finishing processes they continue to 
develop for the lighting industry. 

With the higher levels which are evident it behooves 
today’s lighting designers to incorporate some principles, if 
possible, which will increase the distance between lamps and 
styrene materials. 

Some use of these methods is already in practice where 
semi-indirect and indirect lighting principles are employed. 
The plastic material making up most of the ceiling area is 
shielded from the lamps. 

What form would the hypothetical stability line curve in 
Fig. 10 take if materials were unexposed to any light over 
a relatively long period of time? 


H. A. WiittiaMs:** This is an interesting and informativ: 
paper which does much to clarify the behavior of polystyren« 
in fluorescent lighting applications. The problem of develop 
ing accelerated test methods for plastics has been one which 
has perplexed the plastics industry for a good many years. 
While a number of accelerated test methods have been used, 
the authors have clearly shown the limitations of many of 
such accelerated test methods and demonstrated the advan 
tages of the “UViare” tests for styrene. Certainly, however, 
the behavior of plastics upon exposure to fluorescent light 
must be judged by the satisfactory field performance of that 
material in conventional lighting equipment over the years 
representing the useful life of the luminaire. 

I would like to ask for clarification of several points. 

(1) Would the authors explain why they defined yellow 
ness in terms of change in reflectance at 420 millimicrons 
instead of calculating the yellowness factor by the procedure 
adopted by the IES-SPI-NEMA Subcommittee on Plastics 
for Lighting? 

(2) Would the authors clarify what units are represented 
in the ordinates of Figs. 1 through 6 as there seems to be a 
change in wording between these figures, the definition of 
yellowness given and Fig. 8. 

(3) In summarizing the data shown in Figs. 1 through 6, 
the authors state that such data were based on unstabilized 
polystyrene but that the performance of stabilized styrene 
ean be estimated by using a factor of 2.5. Will the authors 
explain the basis for this statement? 

(4) To compensate for the variability in lamp intensity 

unstabilized samples of styrene were used as a control. How 
did the authors obtain assurance that there was no varia 
bility in the unstabilized polystyrene? 
5) If visual examination of the exposed samples used ir 
preparing this report was made, will the authors comment 
on how closely this visual examination agreed with the 
mathematically obtained values? 

Finally, I have a comment on the authors’ statement that 
work is in progress by a lamp manufacturer on improved 
phosphors and glass envelopes to prevent high emission of 
ultraviolet light. The authors express the hope that this 
work will result in increased usage of plastics in lighting. 


*Genera! Electric Co., Cleveland, Ohio 
**Rohm and Haas Corp., Philadelphia, Pa 
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I must point out that there are plastics, namely, the 
acrylics that, for over ten years, have given satisfactory 
service with the phosphors and glass envelopes used in 


existing fluorescent lamps. 


R. S. Hawes, III:* I wish to congratulate Messrs. Me 
Carthy and Popielski on the work they have done in regard 
to styrene. We feel this work is a forward step in gathering 
data on stabilized styrenes. 

We believe there is one further avenue of approach to 
testing of plastic materials. Unfortunately our work on 
styrene is not quite completed. 

Some time ago, at the recommendation of General Elee 
tric Co. at Nela Park, we started accelerated testing with a 
black light fluorescent lamp. We used a regular enclosed 
troffer luminaire with three 40-watt T12 black light lamps. 
Glass was used in the frame with the plastic attached to the 
glass on the lamp side. This is a very inexpensive test, 
easily set up by any fixture manufacturer. It is important 
to note that the black light does not emit wavelengths of 
energy not found in fluorescent lighting lamps. It has an 
energy peak at about 3500 angstroms. A degree of yellow 
ing for comparative purposes can be obtained in about 150 
hours. We have not correlated this in a definite manner, but 
within the next month, we will have finished actual exposure 
for two years, 24 hours a day, 7 days a week. This actual 
exposure was done with two different regular styrenes and 
two different stabilized styrenes. 

In closing, we feel a great deal more data is needed on 
the subject of yellowing of plastic, and correlating present 
tests to actual exposure. From the testing we and others 
have done, together with field experience, we feel the present 
stabilized styrenes are excellent materials for lighting 


F. C. WiInkKiLEeR:** As Chairman of the IES-SPI-NEMA 
Subcommittee which prepared and wrote “Property Specifi 
eations for Polystyrene Used in Fluorescent Luminaires” 
referred to by the authors on page 85, I feel it is my duty 
to prepare the following discussion. 

When the spec was written and the Atlas Fadeometer 
selected for the specification test, there was concern on the 
part of some committee members that the tests were lack 
ing in reproducibility, that correlation with actual expo 
sure was doubtful and its accuracy for evaluating a wide 
range of products was questionable. On the other hand, we 
considered the fact that the test had stature as an ASTM 
method, the equipment was in use by several manufacturers 
for other testing one manufacturer having over eight 
years of fluorescent lamp exposure data on polystyrene to 
back up its Fadeometer data plus other advantages such 
as: (a) wide availability; (b) quality and intensity of the 
source is constant; (c) energy of source is sufficient but 
not excessive for accelerated testing; (d) energy of source 
in the significant range more closely approximates the 
energy distribution of the fluorescent lamp; (e) no radia 
tion below 300 millimicrons; (f) the fact that the Fadeome 
ter energy is deficient in the visible range is immaterial. 

These and other considerations, such as the fact that tests 
by other methods by the critics of the Fadeometer were 
both lacking and inconclusive, caused us to agree to accept 
the Fadeometer and this is so indicated in our standard 

This paper, on the other hand, certainly shows that the 


authors have investigated and assessed several accelerated 


*K-S-H Plastics, Inc., High Ridge, M« 
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ts simulating long-term exposure to fluorescent 
ir paper states that the method they used, name 
ire with suitable filters, duplicates and accelerates 
fluorescent lamps; is not depe ndent for corre 
of stabilizing system; and is superior 
other testing methods studied. In this 
ld like to pose several questions 

well known fact that an ultraviolet absorbing 
| to polystyrene produces no stabilizing action 
iolet cut-off the ultraviolet 
which there is no sig 
of impinging radiation), why is it 
important that the wavelength of the light 
source) must closely duplicate fluorescent light 
that extrapolation of short term testing 
iaximum useful life be possible? A 
Oa and 9d shows no significant im 

e UViare 
UViare emits only the mercury lines 
mtinuous spectrum. Thus, matching 
fluorescent spectrum and then claim 


seems question 


xl described in this paper shows 
luation of the ultraviolet light stabil 

that this 
technically 
it gives impression 
should be used in the evaluation of all 
systems for polystyrene Specifically, 

be suitable for the evaluation of 
sitraviolet absorbers. but I am not 
equally well adapted for the evalua 


stabilization systems for polystyrene 


ent luminaires 


r TES SPI-NEMA polystyrene spec, we show vari 


factors with limiting values Aceording to 


yw would tl authors express them 

to know why no mention was made in the 

harts or graphs shown of the effects of 

nt exposure on the yellowness factor of 

ilized polystyrene they used in their 

ds, there is no mention of the total useful 

ular polystyre ne compound under continu 

exposure up to a predetermined level of 

own in our standard 

Exposure to Fluorescent 

is follows “Significant 

btained after 1500 hours 

by this 

izing data require ¢ least 10.000 
continuous exposure 

o statements I wonder if the 1500 

error or whether the authors really 

could actually be made in that time, 


irs is only equivalent to 62 days 
reopens the question of an economical, 
e test for the evaluation of plastics for 
luminaires. It is therefore hoped that the 
will submit more data now available, or 
en by various other methods such as the 
Fading Tester, the General Electric 
k Light Lamp Test and others, so that the 
nd/or most practical method of specification 
in be determined for consideration by the Tumi 
Engineering Society 


May I congratulate the authors on a pertinent and prac 


1 Polusturene Components of Luminatres 


tical paper, which, incidentally, is one of the first I have 
seen on this subject. More work of this nature can be of 
great significance to the lighting industry and to every one 


of us. 


D. A. Popietsk1 AND R. A. McCartuy:* In reply to Mr. 
Baumgartner’s questions, we would like to say that the date 
of manufacture of the samples shown in Figs. 1-6 of the 
paper was March 1957, and the evaluations were started 
during the same month. In regard to the yellowing expected 
in general purpose styrene samples, unexposed to any light 
over a relatively long period of time, we regret that we 
have no long term “dark room” exposure data since we have 
little call for this information. We recognize that yellowing 
does take place in general purpose styrene over a period of 
time even when not exposed to light. Efforts to reduce the 
natural yellowing rate due to oxidation have continued over 
the years, so that current products are less susceptible. 

We do know the general purpose polystyrene in a pelleted 
form has been stored for at least eighteen months at ab 
normally high temperatures and subsequently molded into 
a finished product with no objectionable increase in yellow 
ness as compared to newly produced material, as measured 
by visual comparison. On the other hand, a difference in 
yellowness between old and new unexposed samples can be 
picked up by a spectrophotometer in approximately 10 
months. We believe the additives found in “Lustrex perma 
tone” would reduce this “unexposed” natural yellowing and 
so show additional color stability as compared to unstabil 
ized styrene. 

In answer to the questions raised by Mr. Williams, the 
reason for using the change in reflectance at 420 my rather 
than the IES-SPI-NEMA yellowness which requires trans 
mission data is that the latter procedure allows no provision 
to be made as to whether the incident light strikes a yel 
lowed (exposed) surface or the unexposed surface. This 
will obviously affect both visual and instrumental results. 
The greater visual differences are observed by reflection 
against a white background with the exposed surface of the 
same face-up. Fig. 8 graphically shows that the change in 
reflectance between the exposed and unexposed samples is 
a maximum of 420 mg, indicating a high loss in the blue 
end of the spectrum. An analysis of the spectral curves in 
Fig. 8 shows no change at 680 mu and hence, while the 
numerical results differ from the [ES SPI-NEMA yellow 
ness procedure, there is no major conflict between the 
A 420 units can be 
roughly converted to IES-‘SPI-NEMA units by multiplying 


results obtained by either procedure. 
by 0.75. 

Figs. 1-6 should have had “Change in Reflectance at 420 
mu” as the ordinate instead of “Change in Yellowness at 
420 ma.” 

In regard to using a figure of 2.5 as a comparison of per 
formance of unstabilized polystyrene and stabilized polysty 
rene, we believe that this is an average figure since the 
improvements noted range from 2.2 to 3.2 depending on the 
fluorescent light source. 

As to procedures used to assure there was no variability 
in unstabilized polystyrene used as control samples, we 
used one commercial lot of a styrene for testing. Spectral 
data were taken on all molded samples as made and no 
variations between samples were found. 

In regard to how close the visual examinations agree 
with mathematically obtained values, it can be stated that 
visual ranking and instrumental ranking of vellowness gave 
a 100 per cent correlation because of the nature of the 


Popielski-McCarthy ILLUMINATING ENGINEERING 





yellowing (see Fig. 8), and the fact that the same color 
samples were used throughout. 

We are in agreement with Mr. Hawes that the General 
Electric black light offers a good inexpensive accelerated 
test. However, we believe that additional information is 
required to determine its effect on stabilizing systems other 
than the commercially available stabilized styrenes as well as 
its effect in duplicating physical property degradation 
caused by exposure to fluorescent light. 

Mr. Winkler questioned why it was necessury that the 
wave length of the testing light source closely duplicate 
fluorescent light emission in order that short term test re 
sults could be used to estimate maximum use life. He 
pointed out the comparison of Figs. 9a and 9d showed 
no significant improved matching by the UViare. However, 
Figs. 9a-9d are shown on a relative energy basis only. On 
an absolute basis, the Fadeometer’s emission at 3850 Ang 
stroms is three times greater than any part of the solar 
energy spectrum (as measured in Washington, D.C. at noon 
in June). We know that the discoloration rate of polysty- 
rene increases rapidly with a decrease in wave length of 
radiation. The 3650 band is roughly only one-fifteenth as 
aggressive to styrene as the 3100 Angstrom band. Since 
polystyrene has even less absorption at 3850 Angstrom 
than at 3650 Angstrom, this means that the discoloration 
due to Fadeometer exposure is not due to the bulk of its 
emitted energy but rather to its lower amounts of shorter 
wave length emissions, 

The performance of these various test methods in Fig. 10 
cannot be explained simply by comparing spectral energy 
curves. However, in lieu of closely duplicating fluorescent 
light emissions, we are attempting to obtain a combination 
of ultraviolet light emissions from 3000 Angstrom to 3650 
Angstrom which will duplicate the effect of the fluoreseent 


light emission. While we discount the Fadeometer, because 
the bulk of its emissions fall in a region where polystyrene 
has very little absorption, it is still a valuable tool for 
testing fastness of pigments and dyestuffs which are af 
fected equally by ultraviolet and visible radiations, 

In regard to UViare emitting only mercury lines and not 
a continuous spectrum, it is our understanding that fluores- 
cent lamps contain mereury and hence emit mercury lines 
as denoted in Figs. 9a-9d. The continuous spectrum of the 
fluorescent lamp, which is due to the phosphor coating in 
side the tube, is generally the only part of the spectrum 
given in brochures by lamp manufacturers. (Note that the 
S-1 Sunlamp and UViare, which are mercury lamps, show 
these same line spectra.) 

In regard to the value of the UViare for various types of 
stabilizing systems as well as the ultraviolet light absorb- 
ing systems covered by this paper, we can say that it would 
be surprising if the UViare is equally effective on all types 
of stabilizing systems, since the method is an attempt to 
duplicate effect rather than a duplication of spectral energy. 
Methods of stabilizing polystyrene have not been exhausted, 
and it is even conceivable that some future stabilized 
polymer might have phototropic stability, in which case, 
any continuous exposure method (even under fluorescent 
light) would not be indicative of its performance under 
discontinuous lighting. 

Answers to Mr. Winkler’s fourth and fifth questions will 
be found in our rebuttal to Mr. Williams’ discussion 

Significant information for judgment based on exposure 
to fluorescent lights can be obtained after 1500 hours using 
deluxe warm white fluorescent lamp at a plastic-to-lamp 
distance of % to 1 inch. The reference to standard cool 
white lamps in the paper was incorrect. Longer term aging 


is required for more discriminating judgment. 





More Approved Illumination Levels 


The illumination levels for the areas designated below, determined by IES 


Technical Committees, have been approved for the JES Lighting Handbook 


by the Council of the Illuminating Engineering Society. 


Currently 
Recommended 
Ilumination* 
Footcandles 


CHURCHES AND 
SYNAGOGUES 


Altar, ark, reredos 100** 
Choir*** and chancel 30** 
Classrooms 
Pulpit, rostrum supplementary illumination 
Main worship area*** 
Light and medium interior finishes 
For churches with special zeal 
Art glass windows (test recommended) 
Light color 50 
Medium color . e ‘ 100 
Dark color . 500 
Especially dense windows , 1000 


*Minimum on the task at any time 
**Two-thirds this value if interior finishes are dark (less than 10 
per cent reflectance) to avoid high brightness ratios, such as be 
tween hymnbook pages and the surround Careful brightness 
planning is essential for good design 


***Reduced or dimmed during sermon, prelude or meditation 


FEBRUARY 1959 


Currently 
Recommended 
Iumination* 
Footcandles 


SCHOOLS 


Reading printed material 30 
Reading pencil writing 70 
Spirit duplicated materia 
Good 80 
Poor . 100 
Drafting, benchwork 100* 
150* 


Lip reading, chalkboards, sewing 


*Minimum on the task at any time, 

**Obtained with a combination of general lighting plus specialized 
supplementary lighting. Care should be taken to keep within the 
recommended brightness ratios. These seeing tasks generally involve 
the discrimination of fine detail for long periods of time under 
conditions of poor contrast. To provide the required illumination, 
a combination of the general lighting indicated plus specialized sup 
plementary lighting is necessary. The design and installation of the 
combination system must provide not only a sufficient amount of 
light but also the proper direction of light, diffusion and eye 
protection. As far as possible it should eliminate direct and 
flected glare as well as objectionable shadows 





The Two Faces of Lighting a 


Burdine’s Department Store Beauty Salon, Miami, 
Florida. The dropped ceiling area in the foreground 
(above) is lighted by 150-watt inside frosted lamps in 
recessed louvered downlights and 40-watt fluorescent 
lamps in laminous panels. General lighting in the 
working area is from 150-watt silvered bow! lamps in 
recessed units spaced 6 feet by 7 feet. Cove at the 
right is equipped with a double row of deluxe 40-watt 
fluorescent lamps. The luminous decorated panels in 
the partition are lighted from behind with three rows 
of 20-watt fluorescent lamps, one across the top, one 
across the center and one at the bottom. Another 
view of the same salon (below) shows custom-designed 
architectural element over the basins and dryers, with 
two rows of 40-watt fluorescent lamps above glass 
panels, on both sides of the partition. 


Beauty Parlor Lighting 


Adequate levels and, above all, 
proper color of light and sur- 
roundings to aid the beauty 
parlor operator. 


Luxurious and relaxing envi- 
ronment to make the customer 
feel glamorous — and beautiful. 


is said to be in the eye of the 
beholder, but there is a lot more to it than that. 
Beauty parlor operators experience, constantly, the 
problems of color of light, reflectances of skin and 
hair, and various combinations of light and pig- 
mentation. In one booth, blonde hair will be re- 
fleeting about 60 per cent of the light, and in the 
next booth, under the same light source, brown 
hair will reflect only 10 per cent. 

And beauty parlor managers know that a glam- 
orous and pleasant environment is, in part, what 
brings patrons back for a repeat performance. 

These two practical considerations affect the 
choice of lighting systems — both sources and the 
luminaires. Particularly for the work done in 
beauty parlors, however, the color of the light is 
important. Hair coloring is now an accepted and 
widely-used cosmetie and the lighting under which 
it is applied determines its success. 

The sources most frequently used are incandes- 
cent, in direct, indirect and general diffusing 
equipment, and fluorescent, in direct and direct- 
indirect units. Incandescent lamps produce light 
that is rich in red and deficient in blue. This color 
emphasizes the warmer hues and creates a psycho- 
logically warm atmosphere. But incandescent light- 
ing, at levels of over 25 footeandles tends to con- 
tribute undesirable heat to the area. The higher 
levels required today have caused a move to fluo- 





Photos and data courtesy of James F. Finn, Detroit Edison Ca., 
Detroit, Mich. 
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Beauty Parlor 


J. L. Hudson Co. Beauty Salon, De- 
troit, Michigan. Recessed reflector 
units with concentric ring louvers and 
200-watt incandescent lamps are 
mounted over the hair styling chairs. 
Additional illumination is provided by 
deluxe cool white fluorescent lamps 
in the overhead cove. 


rescent sources in deluxe colors, combined with in- 
eandescent to create a pleasing environment 

It is recommended that if louvered luminaires 
are used 45-degree shielding parallel to the line of 
sight and 35- to 45-degree perpendicular to the 
line of sight be provided. At these limiting angles 
the maximum average brightness should not exceed 
750 footlamberts. Brightness of luminous lumi 


naires, recessed, ceiling-mounted, suspended or 
wall-to-wall ceilings, should not exceed 750 foot 
lamberts average brightness. Many manufacturers 
specify brightness of their units in their catalogs 
Suggested mounting heights for luminaires are: 

12 Feet 11 Feet 10Feet 8 Feet 


10 Feet 9% Feet 9 Feet 7% Feet 


Ceiling Height 
Mounting Height 


Pendant suspended fixtures provide up to 25 pet 
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cent more light after approximately a year’s serv- 
ice than do ceiling mounted units without mainte- 
nance. Self-ventilating features of suspended fix 
tures minimize dirt collection. 

Caution should be exercised in the selection of 
The National Elee 


trical Code, 1956 Edition, specifies the following 


fixtures for ceiling mounting 


“Fixtures having exposed ballasts or transformers 
shall be so installed that such ballasts or trans 
formers shall not be in contact with combustible 
material. Where fixtures are to be installed on 
combustible low-density cellulose fiberboard, the 
fixtures shall be approved for this condition or 
they shall be 
from the surface of the fiberboard.” 


mounted not less than 114 inches 


Troffers and other recessed lighting should be 


Nieman Marcus Beauty Salon, Dallas, 
Texas. Recessed in the ceiling over 
the counter is a continuous row of 
two-lamp glass-covered fluorescent fix- 
tures with deluxe warm white lamps. 
Recessed spots are 150-watt elliptical 
downlights. Indirect illumination is 
supplied by a row of fluorescent 
lamps behind the mirror top and a 
fluorescent cove (which can be seen 
in the mirror). Ceiling height is 8 
feet 10 inches. Emphasis is on warm 
fluorescent lamps and incandescent, 
to provide an environment similar to 
that of a home. 


Beauty Parlor Lighting 





areful designes vood distribution and low 


ohtness spacing of fixtures to mini 
mize contrast between fixture and ceiling bright- 
Possibl 


an be avoided by acoustical wedge baf 


monotony of large luminous ceil 
an also house a sprinkler system 
decibel level of inevitable chatter 
els of illumination suggested are: hair cut 
100 footeandles: color matching and hair 


stvling, up to 150+ footeandles. Somewhat lower 
desirable in circulation and sitting room 
a change of pace Ratio of levels be 
working areas and sitting areas should not 
» to | 

where the patron stands or sits, rather 
Vertical 


placement of sources concealed in coves on either 


mirror, should be illuminated 


side of the mirror can provide a flattering light 


direct glare 


The Glamour Nook Beauty Salon, Detroit, Michi- 
gan. Color scheme in this salon is correlated 
with the lighting to provide the two requirements 
of beauty parlor lighting: proper color and level 
of light and glamorous and restful atmosphere. 
Ceiling of off-white acoustical tile is dropped over 
the styling booths, with a continuous row of 
shielded fluorescent lamps centered over the 
chair backs to illuminate the hair. All upholstery, 
except in the reception area, is coral and walls 
are light green. Counter tops are marbleized 
gray and pink. Opposite the styling booths and 
behind the cloak room is the styling bar, which 
utilizes the predominant red-yellow cast of incan- 
descent lighting to flatter skin and hair tones. 
This shop also features ultraviolet lamps to 
handle unpleasant odors of chemicals and smoke. 


Matte finishes are recommended for walls and 


ceilings, both for lighting purposes and for appear- 


ance. Reflectances should be: ceilings, 75 to 85 
per cent; floors, 25 to 35 per cent; walls 35 to 55 
per cent Colors should be chosen to fit cosmetic 
and hair dressing needs, since as lighting levels 
are inereased there is more reflected light from 
side walls, ceiling and other objects 

People are emotionally responsive to their sur- 
roundings. Warm-colored surfaces appear to ad- 
vanee toward the observer and make a room seem 
smaller. Conversely, cool colors appear to recede 
and can be used to inerease the apparent size of 
the room. These factors and the color of the light 
in a beauty parlor are what must be balanced to 
produce a luxuriously attractive and relaxing en- 
vironment for the customer and adequate — both 
as to color and level functional illumination for 


the working operator. 





determined® are still available 
Twenty cents each in any quantity 


ing Society, 





New IES Recommended Levels of Ulumination 
are. Reprints of the August 1958 IE feature on this important subject for those areas then 
latest printing makes a total of 25,000 copies distribution). 
Order from Publications Office, Illuminating Engineer- 
1860 Broadway, New York 23, N. Y 


r ne re mendations for Churches and Synagogues at 


how they were determined, what they 
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Setting 
for 
Beauty 


O, GREAT Importance in planning 


the lighting layout for a beauty parlor (see page 
92) is the placement of light to provide, in addi- 
tion to color and sparkle, the modeling effects 
essential to successful hair styling and customer 
satisfaction. When a woman leaves a beauty par 
lor, she expects to look her best, and the lighting 
for such an establishment must be engineered to 
foster that effect 

A single light source directly above the work 
area creates harsh shadows in front of the face, 
and prevents the customer from getting the most 
complimentary view of her face and hair when she 
looks in the mirror. In the installation shown 
above, 300-watt silver-bowl lamps in_ two-foot 
square metal louvered recessed units have been 
arranged in the pattern of a “five,” as seen on the 
face of dice, to provide suitable directional light 
for a modeling effect, in addition to the soft shad- 
ows flattering to the face. This basic design, engi 


neered for a 32- 


by 52 foot store with a ten-foot 
ceiling, results in 45 footeandles maintained illu 
mination level. 

The owner of this shop, realizing the value of 
good lighting in increasing customer satisfaction, 
ealled on a lighting engineer when he decided to 
remodel his shop. First came the job of discour 
aging the owner from putting in an all black floor 

a white and black patterned tile floor, two-thirds 
white and one-third black, was finally agreed upon 
Surfaces were painted in light colors: white dress 
ing stations, white ceilings and light violet and 
grey walls. This color scheme, aside from increas 


ing the interreflections of light within the room, 
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serves to encourage better housekeeping by the ten 
beauticians employed in the shop, and provides 
suitable color rendition of the reflected light 

The ceiling in this beauty salon was planned to 
be. as most ceilings are, chock full of steel joists, 
sheet metal ducts, music system components and 
electrical wiring. The lighting design was planned 
to fit into the network of steel joists placed on 
This arrangement also allowed 


four-foot centers 


line runs of heating and cooling duct work to 
branch out from the wall to various outlets in the 
room 

Keeping to the “five” pattern, the fixtures were 
placed so that three sources illuminated each sta 
tion from approximately equal angles, creating 
soft shadows and the directional quality desired 
All fixtures are wired and switched to accomme 
date 500-watt silver-bowl lamps, where desired, 
instead of the 300-watt lamps originally installed 

In the hair-washing areas, supplementary illu 
mination is supplied by a 75-watt R30 floodlamp 
housed in a wall-mounted bullet unit at each sta 
tion. Sufficient illumination in the drying areas 
allows the customers to read in comfort while 
seated under the dryers 

With the installation of this lighting system 
and the accompanying changes in the surround 
ings, this Milwaukee beauty shop is able to serve 
its customers in a professionally designed, advan 
tageous atmosphers 

George E. Dolan, Wisconsin Electric Power Co., 
Milwaukee, Wis., 


won second prize in the Milwaukee Section’s 1958 
My Most Interesting Lighting Job contest 


engineered this installation which 
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Self-Ballasted Vapor Lamps— 


New Basic Design Data and New Improved Types 


ihe INCANDESCENT - fluorescent - mereury 
vapor self-ballasted lamp utilizes all three funda- 
mental physical effects of electrical light production 
in one self-contained unit. It it a well-balanced 
combination of three familiar elements: an incan- 
descent filament, a mercury vapor quartz are tube, 
and a fluorescent substance converting ultraviolet 
into visible radiation. But it actually represents a 
fourth light source with certain useful and advan- 
tageous characteristics which cannot be found to- 
gether in any of the other three lamp types. 
Self-ballasted combination 
lamps or triple-source lamps, as they are sometimes 


mercury lamps or 
called, are compact units like incandescent or mer- 
cury vapor lamps. They have undelayed light out- 
put when switched on, and they do not require an 
external ballast. Their life is much longer than that 
of incandescent lamps and similar to that of mer- 
eury vapor and fluorescent lamps. Their luminous 
efficiency is much higher than that of filament 
lamps but lower than the efficiency of mercury 
vapor and fluorescent sources. Their red color 
rendition can be similar to daylight and has a cer- 
tain degree of flexibility. 

Since 1940, self-ballasted mercury vapor lamps 
without phosphor have been developed and are in 
use in several European countries. They evolved 
mainly from the practice of adding considerable 
numbers of incandescent lamps to mereury vapor 
installations, indoors and ontdoors, in order to 
achieve satisfactory color quality. It was found 
very convenient to combine mercury are tube and 
incandescent filament into one lamp that fits stand- 
ard fixtures and sockets, using the filament as bal 
last for th 
otherwise required external ballast 

However, the use of these European combination 
lamps has been limited and they have found no 
interest in this country because of their rather low 


vapor discharge and thus saving the 


efficiency of around 18 lumens per watt and their 
rathe r short rated life of 2000 or 3000 hours The 


\ paper presented at the National Technical Oonference of the 
Ituminating Engineering Society, August 17-22, 1958, Toronto, Ont. 
AUTHORS Duro-Test Cory North Bergen, N. J This paper a« 
pepted by the Papers Committee of I.E.S. as a Transaction of th: 
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G6 Nelf-Ballasted Vapor Lamps 


Strauss-Thouret 


By HERBERT S. STRAUSS 
WOLFGANG E. THOURET 


All three familiar elements of electrical light 
production, an incandescent filament, a phos- 
phor and a high pressure mercury arc tube, 
can be combined into one compact self-con- 
tained unit — the self-ballasted fluorescent- 
incandescent-mercury lamp. This new light 
source has certain useful characteristics not 
found together in any of the other three 
widely-used types of electrical lamps. New 
quantitative data are presented as a basis for 
optimum designs and for a discussion of the 
possibilities and limitations of self-ballasted 
lamps. The characteristics of two new experi- 
mental types of 450 watts and 1750 watts 
are described. 


reason for these unfavorable features is that these 
lamps, in order to achieve a satisfactory red color 
rendition similar to daylight, have been designed 
on the basis of an approximate 1:1 lumen ratio.’:? 
This means that the wattages of mercury burner 
and incandescent filament are adjusted to a rela- 
tion that results in nearly equal lumen output of 
both light-producing elements. As the luminous 
efficiency of the mercury are tube amounts to three 
or four times that of the filament, the result is that 
only a small part of the total lamp wattage can be 
allotted to the efficient mereury vapor discharge. 
Consequently, the overall luminous efficiency is 
only slightly higher than that of equal wattage 
incandescent lamps. The rated life is rather short 
because it depends upon the life of the filament, 
and this has to be limited in order to prevent fur- 
ther losses in efficiency. 

This paper reports on the development of greatly 
improved new types of self-ballasted lamps with an 
efficiency of 29 to 34 lumens per watt and the long 
life of mereury vapor lamps (7000 hours or more), 
in addition to the improved-color quality and the 
other favorable features of the earlier European 
lamps. These improvements are mainly based on 
the use of the so-called high temperature phosphors 
that have become available since 1950.°° In the 
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first part of the paper, basic design data for self- 
ballasted lamps are presented in order to give a 
complete picture of their possibilities and limita- 
tions. The second part will describe the character- 
istics of some practical lamp types. 


Basic Design Data 


The main problem arising in connection with the 
design of self-ballasted lamps is how the total lamp 
wattage is to be distributed between the mercury 
vapor discharge tube and the incandescent filament. 
In order to achieve an optimum overall luminous 
efficiency, it is, of course, desirable to make the 
ratio between are tube wattage and filament watt- 
age as great as possible. Two factors have to be 
observed in determining this ratio: (1) the desire 
to achieve a satisfactory color rendition, i.e. a suffi- 
cient amount of red light output, and (2) the neces- 
sity of reliable are tube operation even under 
great fluctuations in the supply voltage. 

Satisfactory Color Rendition and Red Propor- 
tion. The only accurate basis for judging the color 
rendition of a light source is, of course, its spectral 
energy distribution. However, in the field of mer- 
eury vapor and related light sources, where the 
output of red light is of particular importance, it 
has become customary to use the so-called “red 
proportion” as an approximate measure of color 
quality.*” Red proportion is the percentage of the 
total lumens that can be measured through a cer- 
tain red filter tranmitting mainly the two red spec- 
tral bands (610-660myp and 660-760myp as defined 
by C.1.E. standard.’ It provides an index that 
conveniently characterizes the approximate color 
rendition of a lamp in the red part of the spectrum. 

Fig. 1 shows the transmittance curve of the 
Corning filter No. 2418 CS 2-62 that was used for 
the measurements reported in this paper. All red 
proportion values were corrected for the absorp- 
tion of the filter itself by determining its absorp- 
tion factor for every light source measured. Con- 
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Figure 1. Transmittance of Corning Filter 2418 CS 2-62 
used for red proportion measurements. 
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TABLE 1 — Red Proportion Values of Several 
Light Sources, 


Approximate 
Red 
Efficiency Proportion 


Source Lumens / Watt} » 4 


~ 


Single coil tungsten filament (similar t iS. 
1000-watt 230-volt gas filled lamp) 9. sl 
Uv 

U, 


400-watt E-H1l Mercury Vapor Lamp 

400-watt J-Hl Mercury Vapor Lamp 
magnesium-fluorogermanate 
phosphor) 

400-watt S-H1l Mercury Vapor Lamp 
strontium-zine-phosphate phosphor) 

Standard Illuminant C | 


~~ & & ~I bs 





*Average ballast losses included in wattage consumed. 


siderable variations in transmittance between indi- 
vidual filters of the same type and color specifica- 
tion were found. Differences in the measured red 
proportion of a given lamp amounted to as much as 
1.5 per cent. Therefore, when different filters are 
used, tolerances of about +0.8 per cent apply to 
the red proportion values. Much greater variations 
result with different filter types. 

For comparison, Table I contains the red propor- 
tion values as defined above for several well-known 
light sources including Standard Illuminant C, 
which approximates daylight as provided by a com- 
bination of direct sun and clear sky light (color 
temperature approximately 6500K). These red 
proportion values are in conformity with the well- 
known facts that between 11 and 14 per cent red 


are required in order to achieve daylight similarity 
of a light source, that incandescent lamps have an 
excessively high, and regular mercury vapor lamps 
Improved-color 


a very low amount of red light. 
mercury lamps with magnesium-fluorogermanate 
phosphor are greatly improved in their red propor- 
tion, but do not attain daylight quality. 

The color rendition of self-ballasted lamps is 
considered satisfactory with an overall red propor- 
tion of around 12 per cent. In order to find the are 
tube/filament wattage ratio that makes this red 
content possible, the corresponding lumen ratio 
must be determined. With a given red proportion 
r, of the filament and a combined red proportion 
Yap, OL mercury are tube plus phosphor, the are 
tube/filament lumen ratio 

Lg ry 
(] ) 
L, Vtot laph 
is required in order to achieve a desired total lumen 
red content ltot- 

The curves of Fig. 2 are based on Equation (1 
and illustrate the decisive influence of f,,, the 
amount of red radiation available from the are 
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tube-phosphor combination, on the required lumen 
ratio between are tube and filament L,/L,. They 
show why self-ballasted lamps without phosphor, 
like those of earlier European design, have to be 
based on an approximate 1:1 lumen ratio, if a 
total red proportion of 12 per cent is desired. Much 
more favorable lumen ratios, from 5:1 to 10:1, are 
possible without reducing the color quality under 
11 per cent red, if r,), is increased from 1.5 per 

to 8 or 9 per cent by means of a phosphor. 
Fig. 2 further demonstrates that a total red content 
of nearly 8 per cent is obtainable with phosphors of 
red emission that increase the are tube red 
Self- 


limited 
proportion only approximately to rapa 5.5 
ballasted lamps without phosphor can be designed 
with total red proportions up to 5 per cent and 
with lumen ratios greater than L,/ Ly, 5:1, which 
lead to total lamp efficiencies above 30 lumen/ watt. 

The Fig 
constant red proportion ry; 
ing to Table I, this value applies with small varia- 


2 eurves have been ealeulated with a 
30 per cent. Aecord- 


tions to all tungsten filament operating conditions 
practical in self-ballasting lamps. Some 
have arrived at a filament red propor- 


that are 
authors’ 
tion of 25 per cent, probably because they use a 
different filter type and do not correct for the filter 
absorption 


atio W,/W, can 


be derived from the lumen ratio according to 


The are tube/filament wattage 


with #, designating the ratio between filament and 


are tube efficiencies The efficiency of mercury 
vapor are tubes with different characteristics varies 
The efficien 


is thus mainly determined by the rated 


only within relatively narrow limits 
ey ratio E 
life of the filament 

Equation (1) and the curves of Fig. 2 can only 
supply an approximation for the lumen ratio L,/L, 
The exact lumen ratio that can be realized in a 
lamp depends upon several other parameters be 
sides the red proportion values. The more influen 
tial of these are rated lamp life, rated number of 
starts and the extinguishing voltage of the are tube 

Experimental results have confirmed the above 
theoretical considerations. Figs. 3 to 8 present the 
data obtained from test lamps made with different 
filament wattage ratios under variation of 
Self-ballasted lamps of 


erall wattage and designed for a given 


are tubs 
several other parameters 
eonstant 
supply voltage were equipped with mereury are 
tubes of varied operating pressures and voltages 
The ballast filaments were adjusted to every are 
tube in order to consume the exact difference be 
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Figure 2. Are tube/filament lumen ratio for different 

requirements of total lumen red proportion (r,,,) as a 

function of red proportion of mercury plus phosphor 

radiation (Fapn- Filament red proportion r, — 30 per 
cent — constant. 





tween total lamp wattage and individual are tube 
wattage. The filament operating temperatures were 
held constant within narrow limits in order to pre- 
vent variations in efficiency. 

In Fig. 3 we find the lumen output and the total 
red proportion of 750-watt, 230-volt lamps in R-57 
bulbs with magnesium-fluorogermanate phosphor 
as a function of the are tube/filament wattage ratio. 
Besides the total lumens, the lumen contributions 
of the are tube and the filament alone — both when 
operated in the phosphor-coated bulb — are shown. 
As expected, the over-all luminous efficiency in- 
ereases considerably with growing are tube/fila- 
ment wattage ratio. The overall red proportion 
decreases but remains virtually constant and above 
It is thus 
established that, from the point of view of satis- 


10.5 per cent at greater wattage ratios. 


factory color and luminous efficiency, the highest 
possible wattage ratio should be chosen for self- 
ballasted lamps. The upper limit of the wattage 
ratio is determined by the highest extinguishing 
voltage of the are tube that is compatible with re- 
liable lamp operation, as will be discussed later. 
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Figure 3. Lumen output and red proportion of 750-watt 
self-ballasted lamps as a function of are tube/ filament 
wattage ratio, showing contributions of the component 


light sources. Supply voltage, 230 volts. Magnesium- 


fluorogermanate phosphor, R-57 bulb. 


Fig. 4 shows the same measurements taken with 
the same series of test lamps as in Fig. 3, the onl) 
difference being that no phosphor was used on the 
outer bulb. The filament lumens are virtually un- 
changed, indicating that the phosphor does not ab 
sorb an essential amount of the visible filament 
radiation. The red proportion values are greatly 
reduced, as expected. The arc tube lumens and the 
total lumens are slightly lower than in the lamps 
with phosphor. An explanation for this can be seen 
in the fact that in the self-ballasted lamp the mag 
nesium-flucrogermanate phosphor operates at a 
higher iemperature than it does in the usual im- 
proved-color mercury vapor lamp. This is more 


favorable to its emission properties, and thus it 
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self-hallasted lamps as a function of are tube/ filament 
wattage ratio, showing contributions of the component 
light sources. Supply voltage, 230 volts, strontium-zinc- 


phosphate phosphor, R-57 bulb. 
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Figure 4. 

self-ballasted lamps as a function of are tube/ filament 

wattage ratio, showing contributions of the component 

Supply voltage, 230 volts, no phosphor, 
R-57 bulb. 


light sources. 


contributes more to the overall 3, 4 


lumen output 
The higher bulb temperature results partly from 
the greater total wattage consumed in a given bulb 
and partly from the greater amount of infrared 
heating energy that is supplied by the filament. 
Fig. 5 contains the results obtained when meas- 


3 and 4 


strontium-zine-phosphate-phosphor on’ the 


uring the same test lamp series as in Figs 
with 
outer bulb. The red proportion is considerably re- 
duced, are tube lumens and total lumens are in- 
creased above the values found with magnesium- 
fluorogermanate, as anticipated. 

In order to show the influence of variations in 
total wattage and bulb size and shape, data for 450- 


watt, 230-volt test lamps in BT-37 bulb are given 
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Figure 6. Lumen output and red proportion of 450-watt 
self-ballasted lamps as a function of are tube/ filament 
wattage ratio, showing contributions of the component 
voltage, 230 volts, magnesium- 


light sources. Supply 


fluorogermanate phosphor, BT-37 bulb. 
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Figure 7. Total lumen output and red proportion of 
750-watt self-ballasted iamps as a function of are tube/ 
filament wattage ratio, showing the influence of varia- 
tions in wattage. 230-volt supply voltage, magnesium- 
fluorogermanate phosphor, R-57 bulb. 


in Fig. 6. They are similar to those of the 750-watt 
lamps, except that the red proportion values are 
considerably higher. This may be due to the fact 
that the BT-37 bulb is fully covered with phosphor, 
while the R-57 reflector type bulb used for the 750- 
watt lamps is only partly coated. 

Figs. 7 and 8 show the total lumen output and 
red proportion as a function of the are tube/fila- 
ment ratio under the influence of variations in 
total wattage. The data given in Figs. 3 to 8 all 
refer to lamps designed for 230-volt power supply 
systems. Similar curves would result from test 
lamps for supply voltages of 277, 208 and 120/130 
Self-ballasted lamps for 120 volts have some- 
what lower efficiencies than the lamps for the 
higher voltage ranges because of the reduced effi- 


volts 


ciency of mercury vapor are tubes with lower oper- 
ating voltage. 120-volt self-ballasted lamps must 
be equipped with special are tubes having auto- 
matically pre-heated electrodes in order to reduce 
the ignition voltage sufficiently. 
irc tube extinguishing voltage. It has been ex- 
plained, in detail, that great wattage ratios between 
are tube and filament are desirable for optimum 
performance self-ballasted lamps. High wattage 
ratios are attained with high are tube operating 
voltage and these reach an upper limit when the 
corresponding extinguishing voltage of the are tube 
under given operating conditions approaches a 
certain limit. The extinguishing voltage can be 
determined by quickly reducing the voltage of the 
power supply and observing the voltage at which 
This voltage is much 
higher than the are tube operating voltage because 
of the existence of the reignition peak. The ex- 


the are tube extinguishes. 
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Figure 8. Total lumen output and red proportion of 
450-watt self-ballasted lamps as a function of are tube/ 
filament wattage ratio, showing the influence of varia- 
tions in wattage. 230-volt supply voltage, magnesium- 
fluorogermanate phosphor, BT-37 bulb. 


tinguishing voltage of a given are tube is higher 
with resistor ballast than with inductive ballast. It 
is further influenced by voltage and frequency of 
the power supply and operating current. 

The allowable upper limit for the extinguishing 
voltage is determined by the greatest temporary 
decrease in supply voltage under which the lamp 
shall continue to operate. Experience has shown 
that voltage reductions in power supplies of more 
than 18 per cent of nominal value are very rare 
and that operational reliability of self-ballasted 
lamps can be assumed if the are tube extinguishing 
voltage is kept below this figure. Allowance has to 
be made, of course, for possible increases of the ex- 
tinguishing voltage during are tube life. 

According to the above figure of 18 per cent volt- 
age reduction of power supply, the are tube ex- 
tinguishing voltage must remain under 170 volts 
for 208-volt supplies, under 188 volts for 230-volt, 
and under 98 volts for 120-volt supplies. Fig. 9 
shows the extinguishing voltage of 400-watt mer- 
eury are tubes of different operating voltages for 
operating currents between 2.5 and 4.0 amperes 
and for 208- and 230-volt 60-cycle power supplies. 
These data allow an easy determination of the ex- 
tinguishing voltage corresponding to a certain are 
tube operating voltage under given parameters. 

As it is desirable to design self-ballasted lamps 
also, for reliable operation on 50-cycle power sup- 
plies, the curves of Fig. 9 have been determined for 
this lower frequency, which is customary in some 
ountries of this hemisphere and in Europe. The 
results cannot be reported in detail because of lack 
of space. It can be stated, however that under all 
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operating conditions of practical self-ballasted 
lamps, the maximum increase of the extinguishing 
voltage through frequency reduction to 50 cycles 
amounts to 3 volts only. This small difference can 
be taken into account without appreciably affecting 
the performance of given lamp types. After deter- 
mining the maximum are tube operating voltage 
for a given lamp design from Fig. 9, the corre- 
sponding are tube/filament wattage ratio can be 
read from one of Figs. 3 to 6. In most cases this 
ratio will be found close to 1.2:1. The correspond- 
ing lumen ratio is at least 5:1, and may amount to 
as much as 10:1, if filaments of very low efficiency 
are used. 

Overloading of the filament during the warm-up 
period of the arc tube. During the warm-up period 
of the are tube, the filament is overloaded consider- 
ably. The influence of this overload on the filament 
life must be estimated carefully and taken into 
account for the filament design. 

Fig. 10 illustrates the method used for estimat 


ing the influence of the overload ratio. The are 


tube warm-up current, which passes through the 
ballast filament is plotted as a function of time. 
The curve shown represents average values from a 
number of lamps. The warm-up current begins at 
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Figure 10. Filament overload ratio and life reduction 
ratio during warm-up period of self-ballasting lamps. 
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Figure 9. Extinguishing voltage of 
400-watt mercury vapor are tubes of 
different operating pressures at oper- 
ating currents between 2.5 and 4.0. 
amperes, Resistor ballast, supply volt- 
ages, 208 and 230 volts, 60 cycles. 


140 per cent of operating current when the lamp 
is switched on and drops to the normal value after 
120 seconds. 

Every value of the filament overload ratio //J, 
corresponds with a certain life reduction ratio L/L, 
according to 


L/L. (Zjig3 (3) 


These resulting life reduction factors are shown in 
Fig. 10 as a dotted line. They begin with 3400 at 
the moment of lamp ignition and drop to a negli 
gible value during 90 seconds. It is realized that 
Equation (3)''!* gives inaccurate results when 
used for such high current variations as is done 
here. Nevertheless, it supplies the only available 
quantitative approach to the problem under discus- 
sion and the experience with practical lamps has 
shown that the resulting figures supply a suffi- 
ciently accurate approximation. 

By replacing the space under the life reduction 
curve in Fig. 10 by a rectangular area, an average 
life reduction ratio of 1400 is found 
lamp start, therefore, the filament operates for a 


During every 


period of 90 seconds at a 1400 times shorter life 
rate than normal. This means that, in the average, 
every lamp start reduces the remaining life of the 
filament as much as 35 burning hours under nor 
mal operating data. 

The following example will illustrate this fur- 
ther. The filament for a self-ballasted lamp with a 
rated life of 10,000 hours at 5 hours per start (2000 
(2.000 & 35) 


Because of the exponential rela- 


starts) has to be designed for 10,000 + 

80,000 hours 
tion between filament life and efficiency such in 
crease in rated life by the factor 8 results only in 
an efficiency reduction of about 25 per cent. 

This decrease in filament efficiency is only of 
minor influence upon the total lamp lumens of the 
type of self-ballasted lamps, discussed here, that 
operate at a minimum lumen ratio of 5:1. This 
means that the filament does not contribute more 
than 1/, of the total lumen output. A filament 
efficiency reduction by 25 per cent results only in 
a 4.2 per cent decrease of total efficiency. 
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port frame together with the starting resistor. The 
filament assembly is then joined to the are tube 
assembly and both, together, are connected to the 
stem and sealed into the bulb. In the finished lamp, 
the filament is arranged symmetrically around the 
center of the are tube thus providing an optimum 
blending of the light from both sources. 
Information on lumen maintenance and useful 
life is contained in Fig. 13. It gives the average 
lumen maintenance of a considerable number of 
750-watt lamps, some of which have been in prac- 
tical use or in laboratory life test for more than 
two years. It may be assumed that the 450-watt 
and 1750-watt lamps will have similar maintenance 
because they have been designed and rated accord- 


Figure 11. 450-watt, 750-watt and 1750-watt self-bal- hag are 
ing to the same principles as the 750-watt lamps. 


lasted fluorescent-incandescent-mercury vapor lamps in 
BT-37, R-57 and BT-56 bulbs. The filaments are dimensioned for relatively low 
operating temperature in order to outlast the long 
useful life of the mercury are tubes on the basis of 
Practical Lamp Types 5 operating hours per start even under the un- 
Three practical types of self-ballasted lamps favorable overload conditions during warm-up 
have been developed so far according to the abov periods. 
described principles and basic data. A 750-watt Fig. 14 shows the changes in lamp wattage, 
lamp in an R-57 bulb has been commercially avail 
able for some time and has met with considerable 
success in practical use. Two new types of 450-watt 
BT-37 bulb) and 1750-watt (BT-56 bulb) have 
been designed recenily and larger numbers of ex 
perimental lamps have been made. Fig. 11 shows 
the outward appearance of the three lamps and 
Table II gives their main characteristics. The two 
new types are developed for 208 and 230-volt 
power supplies only, while the 750-watt lamp is 
also available in a special design for 120 volts. All 
three types are equipped with hard glass bulbs in 
order to withstand thermal shock and chemical at- 
tack over the long rated life 
The inner structure of the new types and the 
assembly of their components is illustrated by Fig. 
12. The filament is mounted on its supports and 
onnected to its leads in a separate procedure simi " : e 
lar to the customary practice in the manufacture of wigan a. aamee aonamane of ean oue-lamaten 
: lamp. From left to right: Filament assembly, mercury 
incandescent lamps. The mercury vapor arc tube is vapor are tube assembly, filament assembly joined to 
also mounted and connected separately in its sup are tube assembly, complete lamp. 


TABLE Il — Data of Self-Ballasted Lamps with Phosphor. 


Approx. 
Nominal Operating Starting Average Average Red 
Supply Current Current Initial Lumens/ | Proportion 
Wattage Voltage amps amps. Lumens Watt » 4 


“ 130 29 


‘ 
‘ 
" 


13 T56 og 5 9% 
13 TSA rr 9% 
per cent higher than normal lumen output for a period of % minute (see Fig 
ninutes cooling time before they will restrike. 
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Figure 13. Average lumen maintenance of self-bal- 
lasted lamp, 750-watt, 230-volt, R-57 bulb, magnesium- 


fluorogermanate phosphor. 


lumen output and color during the warm-up period 
This is relatively short compared to mercury vapor 
lamps with external ballast because the filament 
supplies a considerable amount of heating energy 
to the mercury burner. As the filament operates 
at an average overload ratio of 1.35:1 during the 
warm-up period, its lumen output more than out- 
balances the initial lack of are tube radiation. The 
lamps, therefore, have more than 15 per cent higher 
lumen output during the warm-up time than dur- 
ing normal operation. During this period, the 
color of the light is of course characterized by an 
extremely high red proportion and a lack of blue 


(see Fig. 14). 


F luorescent-mercury -incandescent 


and green 
self-ballasted 


lamps like the above described 750-watt types have 
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Figure 14. Wattage, total lumen output and red pro- 
portion during warm-up period, self baliasted lamp, 
450-watt, BT-37 bulb, 

phosphor. 
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been on the market since 1956 under the trade 
designation “Fluomeric.” They have found accept 
ance in considerable numbers and are successfully 
used in many installations of diversified character 
The 450- and 1750-watt types will be made avail 
able within the near future. 
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example, is the 750-watt design essentially 
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is one value in Table I? 

ily found that discharge lamps ballasted 


to 10 per cent lower lamp power-factor 
d by the usual reactive cireuits Have 

iuthors observed this? The designed lamp watts and 
lumens may restored by a corresponding current 


increase, b higher rms and peak currents affect 


lumen maintenance adversely. We would expect lower lumen 
maintenance figures than those shown in Fig. 13 from this 


ise, and also from two others: higher are-tube tempera 
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ture because of the adjacent filament, and blackening in the 
outer bulb from the filament 

An area of interest to users, not covered by the paper, is 

the economics of self-ballasted vapor lamps in comparison 

with conventionally ballasted vapor lamps. Our approximat 

raleulations show a 20-30 per cent greater over-all cost-of 

sted lamps than for conventionally 

lamps. Stated another way, the wattage savings 

operation on conventional ballasts will pay for 

cost in two years, for typical industrial use. So, 

self-ballasted lamps may be chiefly in 

their higher per cent red and their installation 


the higher cost. 


information in this paper should be ve 


to design resistance self-ballasted 


light of various sources, | 
per cent red for the 
her lar improved 
so that tod 
cent 1 light Measure 
same type of filter as deseribed 


ith color improvement, there has 


the total lumens produced by 


iry lamps, through refinements 


mention the new deluxe white fluores 
I described at last year’s con 

from 12 to 15 per cent 

of yellow-green light, giving 
rendition. It is my impression, 
self-ballasted lamps, that the 
distinctly more pleasant color, 

I would be interested in know 

e considered making any self-ballasted 
same purple lustre coating as 


id if so what efficiency might be 


question about the performance of a 
usted lamp in a fixture. Care will have to 
the bulb does not heat up excessively, 
ires may be required. The temperature 
ugnesium fluorogermanate phosphor is ex 
ut falls off sharply above 340C, and the 
be seriously decreased. We would be 
comments on this point, inasmuch 
emperatures in excess of 400C are 


in a typical fixture 


the lamp discussed 

the evaluation of resistane: 
f gaseous discharge lamps 
the percentages of red pro 

the lamps discussed, are of 

the economic justification of this 
ithors have merely proved that the 
ul be 


of mercury lamps ballasted with 


obtained by conventional 


pment combined with extended service in 
accomplish the same effect. It is true 


costs of the incandescent lamps will 


on, Bloomfic 


Salem, Mass 
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be higher, for they must be replaced more frequently. But 
under industrial service conditions, where this type of mer 
cury finds its prime usage, it becomes a bit difficult to 
justify resistance-type ballasted lamps from either the con 
sumer’s or the manufacturer’s viewpoint. The presence of 
an incandescent filament in the lamp jacket serves to intro 
duce at least three more places where the lamp can fail. 
Failure can oceur due to shock or to manufacturing abnor 
malities. These lamps appear to show abnormal sensitivity 
to voltage variation. In heavy industry, where the lamps 
are applicable, voltage control is frequently poor 

From the maintenance data of Fig. 13, under heavy-duty 
industrial conditions, it would appear the economic life of 
the lamps is about 6000 lumens. The criterion for this 
statement is simply multiplication of present initial lumens 
by a realistic dirt and dust maintenance factor. Conven 
tional mereury lamps consistently exceed their maintenance 
data so their true economic life is superior. 

It will be helpful to our understanding of this paper, if 
the authors can prove the economic justification of resist 


ance-ballasted lamps. 


VeRN Kempr:* The authors are to be congratulated on a 
fine presentation of the difficulties encountered in the design 
of a self-ballasted mereury lamp. Although the preprint of 
this paper states that this lamp is only slightly more effi 
cient than a filament lighting source, no mention of this 
fact was made during the paper’s presentation 


Part of my responsibilities as electrical editor of Plant 


1 oft 


Engineering magazine is to interpret the data presented a 
these technical conferences Our readers ar particularly 
interested in industrial applications of these new develop 
ments. For this reason we have been studying the new 
fluorescent-mercury-ineandescent lamp since early this year. 

his lamp has been sold to one plant engineer in the Mid 
west as being superior to a conventional mercury lighting 
system. This plant area of 97,900 square feet uses 449 
lamps. Investigation disclosed that a total of 9,653,500 
lumens were generated in the area to obtain 50 footcandles. 
If we assume a maintenance factor of 0.80, the averag: 
coefficient-of-utilization comes out to 0.635. In the following 
analysis we have rounded this off to 0.64. This coefficient 
has been discussed with Mr. Herbert Anderson of the Duro- 
Test Corp. in correspondence and he agrees that it is 
realistic. 

Our first indication that the fluorescent-mercury-ineandes 
cent system was not as efficient as a mereury system came 
when we compared the maintained lumens per watt of the 
two systems. This figure came out to 15.7 for the fluores 
cent-mereury-inecandescent lamp. This is considerably below 
the 26.6 maintained lumens per watt for a conventional 
mercury system using an improved color 400-watt lam; 

To determine actual costs of operating the fluorescent 
mereury-incandescent system, we have compared it to a 
conventional mereury system using the H400, RC1, 400-watt 
improved color lamp. Table I shows this comparison. You 
will note that the fluorescent-mercury-incandescent lamp 
consumes 700 watts and has a lumen output of 11,000 main 
tained. This is compared to the 12,450 lumens maintained 
by the eonventional lamp with a watt input of only 468 
ballast. Both lamps are rated at 6000 to 


12,000 hours life and are dependent on burning hours per 


including the 


start. At the moment, I have no information on the lumen 
maintenance of the fluorescent-mercury-ineandescent lamp, 
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TABLE lI. 


Fiuorescent- 
Mercury- 
Incandescent 


Mercury 
(H400RC1) 
Watts input (includes ballast) 700 468 
Lumen output (maintained) 11,000 12,450 
Life of lamps (hours). . 6,000 to 12,000 6,000 to 12,000 
Kilowatt hours consumed 

6000 hours)..... eeseoeeces 4,200 2,808 
Power cost (at $0.02/per kw hr $84.00 $56.16 
amp cost net each $49.50 $14.88 
rotal cost (for one lamp for 

6000 hrs 
Total cost (449 lamps) $59,941.50 
Difference (6000 hrs). $28,044.54 
Difference (12,000 hrs $40,544.7 


$71.04 
$31.896.96 


$133.50 


but it seems that oxidation of the filament in the bulb cham 
ber will reduce the lumen output after long burning periods. 

At 700 watts, the tluorescent-mercury-incandescent lamp 
will consume 4200 kw-hrs for 6000 burning hours. The con- 
ventional mercury lamp will only consume 2808 kw-hrs in 
the same period. This is particularly important in this plant 
as the average cost per kw-hr is around 2¢. The power cost 
for the fluorescent-mercury-incandescent lamp will be $84 
for the 6000-hour period and $56.16 for the 400-watt mer 
cury lamp. 

There is considerable difference in lamp costs with the 
fluorescent-mercury-incandescent costing $49.50 each and 
the H400 RC1 costing $14.88 net. We can now add the lamp 
cost to the power cost to determine operating costs for 6000 
hours. This comes to $133.50 for the fluorescent-mercury 
incandescent lamp and $71.04 for the H400 RC1. 

This installation has a total of 449 lamps installed and 
total operating costs for the fluorescent-mercury-incandes 
cent lamp are $133.50 times 449 or $59,941.50. On this same 
basis, the total operating costs for the conventional mer 
cury lamp are only $31,896.96. 

The difference in operating costs between the fluorescent 
mereury-incandescent and the H400 RC1 systems for 6000 
hours is $28,044.54. From 12,000 hours, this difference is 
$40,544.70. It is obvious from these figures that the fluo- 
rescent-mercury-incandescent lamp has extremely high oper 
ating costs and it would be difficult to justify its use in any 
situation where standard mercury or {'norescent systems 
could be used. 

The color rendition of the fluorescent-mercury-incandes 
cent lamp is good, but the improved-color mercury sources 
are adequate and have higher efficiencies. I am personally 
acquainted with lighting installations in areas where color 
is used to identify alloy steel bars and the improved-color 
mercury lamps have proved satisfactory. 

One of the reasons given for the installation of fluores 
cent-merecury-ineandescent lamps in this plant was the im- 
proved performance of this lamp on variable line voltage 
that caused some problems with the conventional mercury 
lamps previously used. The answer to this problem lies in 
the use of constant wattage transformers and the cost 
analysis prepared shows that this does not appreciably 
inerease the installed costs of the conventional systems 

In conclusion, I would like to say that the authors are 
correct in their statement that the luminous efficiency of the 
fluorescent-mercury-ineandescent lamp is higher than that 
of filament lamps, but lower than the efficiency of mercury 
vapor or fluorescent sources, although this was not men- 
tioned in their paper. It is this difference in efficiency that 
makes the fluorescent-mereury-incandescent lamp difficult to 


justify in industrial applications. The ease of installation 
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is soon lost on the vast differences in operating costs. My 
recommendations to this plant engineer were to remove the 
fluorescent-mereury-ineandescent lamps and install a con- 
ventional mercury system using constant wattage ballasts. 
rhe additional expense of putting in the new system would 
be recovered in a little over a year due to the differences ir 


operating costs. 


H. S. Strauss anp W. E, THouret:* We would like to 
thank all diseussers for their interest and favorable remarks. 
In answer to Mr. Thayer’s questions, we believe we have 
nswered the question concerning the are tube/filament 
wattage ratio of the final designs by stating, on the sixth 
page of the paper, that it is close to 1.2:1. Therefore, Mr 
Thaver is correct in assuming that the 750-watt lamp con 
tains approximately a 400-watt are tube and a 350-watt 
filament. The operating efficiency of the filament is around 
six lumens-per-watt in the 750-watt lamp. The more re 
cently designed 450-watt lamp filament operates at approxi 
nately seven lumens-per-watt. 

We have also observed that inductively ballasted are tubes 
ave a higher power factor than resistance-ballasted ones 
For a 400-watt are tube, we have found power factor of 
).92 for inductive ballast, and a power factor of 0.88 for 
resistance ballast. The over-all power factor of our self 
ballasted lamps is 0.96. 

We agree that higher operating currents may adversely 
affect the lumen maintenance of given are tubes. Our are 
tubes, therefore, are equipped with slightly larger electrodes 
designed for these higher currents. Also, the other two men 
tioned factors do not seem to affect the maintenance of our 
amps to a greater extent than the maintenance curve indi 
eates. The blackening produced by the filament on the outer 
bulb is relatively low because of the low operating tempera 
ture of the filament. 

We agree with Mr. Thayer’s statements concerning the 
economics of self-ballasted lamps. They will be further 
discussed in our answer to Mr. Kempf’s discussion 

Mr. Till states that he 
ent in J-H1 


imps compared to only 8.7 per cent which we found using 


found a red proportion of more 
than 10 per improved-color mereury vapor 
the same filter type. This difference may be due to improve 
ments in the phosphor, but we would like to state that our 
neasurements represent an average of recent lamps from 
lifferent manufacturers. The mentioned difference may also 
be explained by the tolerances of different filters of the 
same type. We reported that we found variations of up to 

per cent red when measuring the same lamps with dif 
ferent individual filters For this reason, we gave the 
ecurate transmittance curve of the filter used for our 
measurements 

We did not give any comparative values for deluxe mer 
cury lamps because such lamps were not available at the 
time the paper was written. Since that time, we have ob 
tained such lamps and have included them in the demonstra 
tion with a color comparison device that accompanied the 
presentation of the paper. We agree with Mr. Till that th 
deluxe mereury lamps have a red proportion of 12 to 15 per 
ent which is exactly the same amount of red contained in 
our 450-watt self-ballasted lamp. Concerning Mr. Till’s 
mpression that the deluxe lamp’s color is more pleasan? 
e would like to say that the above mentioned demonstra 
tion did not seem to show any evidence of this. It is our 


impression that the deluxe mercury and self-ballasted fluo 
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rescent-mereury-incandescent lamps are at least equal as far 


as pleasantness of color is concerned 
We have not made any self-ballasted lamps using bulbs 
We do not see any reason for 


purpl luster coating 


illast-filament supplies a sufficient amount 
been tested extensively 
in appreciable loss of 


the lamp because of excessive 


temperature 
inderstand Mr 


comments correctly, he is 


Wylie’s 
esting the use of neandescent lamps in separate sockets 
n addition to conventional mercury vapor 
ir color quality is insufficient We believe 
ements would be much more expensive than 
lamps. There would be the main 
which require re 
illasted lamps 

used T 

luminaires o reater number of 
1, thus im ising the installa 


the presences of the ineandescent 
d lamps does not make them 
we have diseussed in detail, the 

ecessity dimensioned for rather low oper 
n order to withstand the overload during 


iod Therefore. they are not sensitive to 


variations 
cerning econom justification 
inswered together with Mr 


purely economic side of the 

usted lamps. We could not endeavor 
1d economic matters in addition to 
in the limited space assigned to an 

Therefore, we welcome this oppor 


remarks concerning the economy of 


imino ittained with the present 
usted lamps imounts to ipproximately 30 
This is stated repeatedly in the paper, 
page and in Table II. It is rather well 
stated in Table I of the paper, that the 

yf conventional mercury lamps, the 
ttain approximately 46 lumens-per 
wattage con 


of the self 


ywsses included in the 
luminous efficiency 
5 per cent of the efficiency of 


As a most na ural conse 


operating costs of self-ballasted 
ire mmen-per-watt basis, must be 


ponding amount, as stated by Mr 


usefulness and econ 
cannot be judged 
Whilk 


in conventional 


the self-ba 


\ idvantageous 

d proportion and their 

the convenience 

ises, ALIOWS the moderniza 
without rewiring, without the 
even without new luminaires. 
respect to color rendition 


justifies the higher operat 
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ing cost in the eyes of many users and owners of installa 


tions. While the light quality of regular or improved-color 
conventional mercury lamps is found adequate in many 
eases, as stated by Mr. Kempf, a great number of other 
cases can be cited where their quality is found insufficient 
and unpleasant. This situation is vividly illustrated by the 
fact that it has been found necessary and justifiable to 
introduce the deluxe fluorescent-merecury lamp described by 
W. 8. Till.” These lamps attain approximately the red pro 
portion and general color quality of self-ballasted lamps at 
the sacrifice of about 25 per cent in luminous efficiency. 
They have only approximately 12 per cent higher lumen 
output than self-ballasted lamps of the same wattage, but 
still require the conventional ballast. 

The field of street lighting supplies another well-known 
illustration of the fact that it is often considered justifiable 
and desirable to sacrifice economy for the sake of better 
An increasing number of new street lighting 
of 


light quality. 
installations is equipped with fluorescent lamps because 
their good light quality and pleasant appearance, in spite 
of much higher over-all cost as compared to mereury vapor 
installations. 

In addition, the installation convenience of self-ballasted 
lamps makes them both useful and economical for moderni 
zation of incandescent lamp installations which cannot be 
converted to conventional mereury or fluorescent lamps be 
eapital funds are insufficient to cover the cost of 
Self-ballasted lamps 


causé 
rewiring, ballasts and new luminaires 
are also advantageous where modernization is desirable but 
ballasts cannot be installed conveniently or ceiling condi 
tions do not allow the use of ballasts at all 

What has been said about the justification of the higher 
operating cost of self-ballasted lamps applies also to the 
higher cost of the lamps themselves as compared to conven 
tional mercury lamps. 

The cost difference is not as large as Mr. Kempf’s table 
makes it appear by comparing the list price of the self-bal 
lasted lamp to the highly discounted price of $14.88 for the 
regular mercury lamp. We believe that a fair price com 
parison should be based on list prices because commercial 
discounts are subject to too many non-engineering consid 
erations. The list price of the H400RC1 weather resistant 
lamp is $27.75 (self-ballasted lamps are weather-resistant) 
against the $14.88 used by Mr. Kempf. 

Even with this correction, there remains a cost difference 
between the lamp types. However, we believe that this 
present price differential should not be used as a basis for 
passing a general judgment on the economic possibilities of 
a new light source. Experience shows that virtually all 
types of sourees were relatively expensive when they first 
appeared on the market as new products. Greater volume of 
production, refinement and mechanization of methods and 
design improvements have invariably contributed to substan 
tial cost reductions. In all probability, the cost and price 
of the self-ballasted lamp will follow the same course. It is 
also reasonable to expect that its luminous efficiency will be 
improved over the presently attained values. 

Concerning the installation to which Mr. 


Kempf refers, we would like to state that according to 


particular 


information recently obtained by us, the plant engineer is 
very satisfied with the installation and is not considering 
Mr. Kempf’s recommendation of removing it in favor of a 
conventional mercury lamp installation with ballasts. 

1. Till, W. S.: “Development of Deluxe Fluorescent-Mercury Lamps 


for Commercial and Specialized Applications,” ILLUMINATING ENGI 
NEERING, Vol. LIII, No. 5, pp. 224-234 (May 1958 


ILLUMINATING ENGINEERING 








AUTO DISPLAY — Part | 


Sale of cars, both new and used, is a most highly com- 
petitive business, and one where lighting has long been 
recognized for its vital contributions to the desired goal. 

Conditions are different in the cases of new cars, where 
usually a few sample automobiles are on display for order 
from the factory, and of used cars, where large numbers of 
autos, to be driven off the lot by the new owners, are 
parked in fairly large outdoor areas. 

Lighting for display of new cars is discussed here, and 
a coming issue of IE will cover the lighting requirements 


of used ear lots. 











New Car Display 


By JAMES F. FINN 


Four major objectives in the display of new- they should extend out five feet from the building 


model cars in show rooms are: front on swivel arms, which will permit reflectors 


; , t ‘etract to the b ding for lk changing. Co 
e Attract attention for at least a block, Oo fourm ie building for lamp changin ! 


e Provide highlights and sparkle for the low sil duit should also be angled above the sign to avoid 
light scallops which might obscure sign letters 


houettes of cars, 


. > . . Ss é ‘ine of ive “ee : ee i} "es j “ecol 
Emphasize focal displays of de luxe car models, pacing of five feet between Sxtures is recom 


. : ae mended. Angle sign reflectors may be painted t 
Speed customer’s buying decision. a . ; ; Per oll. ed to 

mateh the background of the sign. For greater 
Exterior Lighting rigidity, *4-inch conduit is recommended in pref.- 
4 sie bead ° 
; ; : ; a erence to 14-inch 
rhe first of these objectives starts with identifi 


Identification 


Local authorities should be consulted for ap 


sat) io ‘ xter) ° iat ing . . : 
cation signs and exterior lighting. proval on the use of this type fixture. In areas 


signs can be expensive. To enable them to do the 
best possible job in competing for attention, they 
should be planned to outshine neighboring business 
establishments and be located to have clearance 
from other signs. It is important to discuss a pro- 
posed sign with adjoining businesses, to avoid over- 
lapping. 

Floodlighting is dramatic on large surface areas 
but should be used only on light colored surfaces 
of not less than 25 per cent reflectance and pref 
erably 50 to 75 per cent. Incandescent angle sign 
reflectors offer a simple way to floodlight an ex- 
terior (Fig. 1 If allowed by local ordinances, 
Based on a paper presented at the Great Lakes 


of IES, June 23-24, 1958, Rochester, N. ¥ 


Edison Co., Detroit, Mich 
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where these units are not permitted over the side 
walk, 800 ma or 1500 ma fluorescent lamps may be 
used in continuous rows. These lamps will operate 
at temperatures down to —25F and should be used 


with outdoor ballasts. Incandescent fixtures, with 


TABLE I — Light Sources for Building Front 
Floodlighting. 


Improved- Low 
Color Temperature 
Mercury Fluorescent 


Incandescent 
Angle Sign 
Reflectors 


Dealership 
Location 


Ow (HIGI 200 
HIGl 10 
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Figure 


” 


Illuminated plastic sign in 


metal frame carries identification mes- 


sage in opaque silhouette lettering. 


Figure 


3. 


With lights on, reflections in the plate glass 


windows are minimized. 


Vew Car Display 


Finn 











Figure 4. 





Figure 1. Incandescent angle iron 

reflectors offer a simple way to flood- 

light the exterior of a showroom. 

Illuminated identification signs also 
eatch the eye. 


Without lighting, reflection of the building 


across the street adds to the dark appearance. 
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Figure 5. Highlighting on areas to which the most 
attention should be concentrated, 


180-degree distribution, extending only 16 inches 

from the building may also be used. These fixtures 

should be spaced no further apart than five feet. 
Table | 


lamps for highly competitive, medium and less 


gives recommendations for types of 


competitive areas, using incandescent, improved- 


color mercury and fluorescent sources. 

Another effective method of attracting attention 
is with an illuminated plastic sign (Fig. 2). This 
sign can be mounted in a plastic-faced aluminum 
or stainless steel frame over the windows with 
opaque silhouette lettering illuminated from with- 
in by fluorescent lamps. Lamp spacing should be 


approximately SIX inches on centers. 


Interior Lighting 


In considering the show windows themselves, the 
most common and widely recognized problem is 
that of reflected images in the windows during the 
daytime. This, as usual, can be minimized by ade- 
quate lighting in the windows and the show room 

Figs. 3 and 4). Lighting units should be mounted 
as close to the front of the window as possible. 

Car displays should be placed at least five feet 
back from the window to assure maximum utiliza- 
tion of the highlighting. The general lighting re- 
quirements should be the basis for determin'ng 
window requirements. A contrast of at least 6 to 1, 
and preferably 10 to 1, should be provided between 
highlighting and general lighting. In general, win- 
dow lighting fixtures should be placed on two-foot 
centers, and in some instances closer spacing is 


preferred. 
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Figure 6. General lighting of room. Ratio of highlight- 
ing to general lighting should be 10 to 1. 


Examples of illumination results using several 
different sources for highlighting, and assuming 
100 footeandles general lighting and window units 
mounted 10 feet from the grille of the car display, 
show: 150-watt R40 spot produces 72 footcandles 
at the center of the spot and a diameter of 7 feet; 
}00-watt PAR56 narrow beam lamp produces 810 
footeandles at center of the spot with a diameter 
of about 3 feet; 500-watt PAR64 narrow beam 
spot supplies 1100 footcandles with beam diameter 
of 2 by 3 feet 

The PAR56 and 64 narrow and medium beam 
spotlights are particularly suitable because of the 
low contour silhouette of today’s automobiles, con 
centrating over 1000 footeandles directly on the 
area of the automobile for which the most attention 
is desired. Fig. 5 shows highlighting only and Fig 
6 shows both highlighting and general lighting. Fig 


7 shows aiming of spots and floods on the auto 


Figure 7. Aiming of spots and floods. 
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Figure 8. Luminous plastic wall is a fitting background 
for a featured car. lt can be portable or permanent. 


mobile: one spot to each headlamp; two spots to 


center of the grille: two floods to the windshield ; 


and two spots, one each on a front and rear hub- 


ap; two floods, one each, for front and rear panels 
Highlighting on the grille is approximately 1000 
footcandles, meeting the 10 to 1 ratio previously 

CMLL Ee nded 

Proper aiming is important For best effect 
lamps should be kept aimed at the points they are 
intended to highlight, and if cars are moved the 
lamps should be re-aimed. This can easily be done 
by lining up the center of the beam, using a cord 
extended from the lamp to the point being hizh- 
lighted. It is important to avoid aiming lamps 
toward show room window glass, as this can cause 
distracting glare 

It is usually desirable to place the lightest car 
displayed in the focal position along the perimeter 


f the show window, with darker cars located to the 


Figure 9. Light colored car is placed in focal pesition. 
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TABLE Il — Levels of General Lighting and Lamp 
Types for Highlighting and Contrast. 


General Lighting Lamp Types for 
Footcandles Highlighting 
100 > 100w PARS6 
and 
75 500w PARG4 


Dealership 
Location 


Highly competitive: 


Medium competitive 


150-200w R40 


Less competitive 50 


rear. It is also important that cars do not crowd 
the area, but rather are positioned with sufficient 
space for traffic. Recommended spacing is: a mini- 
mum of five feet at front, four feet at the rear and 
six feet on each side of a perimeter car. Car doors 
of the feature display may be left open for added 
eye appeal. De luxe cool white slimline 22-watt 
circline lamps can be mounted at the center of the 
dome to highlight the car interior. It is also im- 
portant that recessed floor outlets be provided in 
the show room area for plugging in special dis- 
play and interior car lighting. 

Another, and completely different, type of dis- 
play room lighting is a luminous plastic wall (Fig. 
8), either portable or permanent, to provide a back- 
ground for a featured car. It can be mounted in 
4.. 6- or 8-foot sections. 6 to 8 feet high, with an 
opaque back and translucent sides, silhouetted with 
letter messages as desired. White vinyl or acrylic 
plastic can be used as the transmitting media. 
Fluorescent lamps may be installed on 6-inch or 
12-inch centers, depending upon the brightness 
desired for the wall. 

Turntables can be used in creating special treat- 
ment. These can be dramatically lighted with over- 
head spotlighting. Mannequins dressed to har- 
monize with color schemes may be used to advan- 
tage. Light neutral pastel colors should be used 
for walls, with reflectances in the order of 30 to 35 
per cent. White ceilings should have reflectance 
of at least 85 per cent, floors should be 30 to 35 
per cent RF. 

General lighting can be from recessed, surface- 
mounted or pendant-suspended fixtures, or lumi- 
nous or louverall ceilings. De luxe cool white fluo 
rescent lamps are recomended for interior lighting 
for best all-round color rendition. 

Since recessed lighting requires closer spacing of 
luminaires to reduce brightness contrast, recom- 
mendations are for 4 feet on centers, with 6 feet on 
centers as an outside limit. Average luminaire 
brightness should not exceed 750 footlamberts. 

For ceiling-mounted luminaires, spacing should 
not exceed 6 feet on centers. On combustible low- 
density composition ceilings, luminaires should be 
approved for this type installation, or they should 
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be mounted not less than 114 inches from the sur- 
face. This is a National Electrical Code ruling 
under Article 410, Section 4184. 

Pendant-suspended luminaires of the direct-in- 
direct type tend to minimize contrast with adja- 
cent ceiling areas, thus providing a pleasant envi- 
ronment. In addition, being self-ventilating, they 
reduce dust collection. Luminaire spacing should 
not be more than 8 feet on centers. 

Luminous ceilings have the advantage of pro- 
ducing uniform diffuse illumination, and acous- 
tical wedges integrated into the shielding reduce 
noise and break up the expanse of ceiling. 

Louverall ceilings are also efficient, with louvers 
beneath rows of lamps. However, they may cause 
distracting image reflections of louvers on the dis- 
played automobiles. 


Service Areas 


Sometimes service areas are used for sales pur- 
poses in demonstrating automobiles. Industrial- 
type fixtures with 25 per cent upward component 
are useful in such areas, with equipment centered 
between bays to assure mechanics the maximum 
amount of light where needed. Fixtures spaced on 
10-foot centers will accomplish this on standard 
10-foot stalls. Two-lamp 75-watt 425 ma slimline 
lamps in 8-foot fixtures are recommended. In addi 
tion a continuous row of fixtures should be sus- 
pended from the ceiling three to four feet from the 
wall next to work benches to provide adequate 
light there and encourage good housekeeping 
Hoist lamps as supplementary lighting are avail 
able for mounting beneath hoists for under-car 
lighting. 


Figure 11. Engineer's visualization of 

the showroom of the future, with lu- 

minous ceiling, highlighting, sloping 
windows — and drive-in feature. 
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Figure 10. Service area using industrial-type fixtures. 


Display Room of the Future 


Design of new cars will probably always be more 
extreme than that of the show rooms in which they 
are sold. But a display room of the future (Fig. 
11) has several features to give glamor-treatment 
to cars. Background wall of the display area is of 
luminous plastic, with colored lamps in changing 
hues. General lighting is by a luminous ceiling 
with spotlights for highlighting only the lower 
perimeter of the car. Car interiors are lighted 
from within. The de luxe model is displayed on a 
turntable, «dding the attraction of motion. The 
large transparent sphere contains an actual ear, 


spotlighted ‘yom under the cap. Sloping windows 


minimize d acting reflections from the exterior 


New Car Display Finn 





1.E.S. LIGHTING DATA SHEET 


A.A. Pile No. 31/ 





Figure 2. Plan view 


INSTALLATION AT HAROLD B. ROBINSON, INC., 6204 LANCASTER AVE., PHILADELPHIA, PA. 


Lighting an Automobile Showroom 


LIGHTING OBJECTIVE: To provide comfortable, high level general illumination for the merchan- 


dising of new automobiles 


GENERAL INFORMATION: ‘his showroom is trapezoidal-shaped in plan as shown in Fig. 2. The 
total floor space for merchandising is approximately 9500 square feet. The ceiling height is 9 feet 
6 inches. Colors and reflectances of the major surfaces are: 


ieal Fiberglas 80% RF columns multi-colored 5-55% RF 
18% RF floor pink terrazzo 23% RF 


INSTALLATION: ‘Two hundred and fifty Day-Brite Lighting, Inc. catalog No. 4M490 2-foot by 4- 
foot troffer units with formed plastic diffusers are located as shown in Fig. 2. Each unit is 
equipped with four 40-watt T-12 cool white rapid start lamps. 


After 1000 hours operation the average level of illumination was 105 footeandles. The 


brightnesses at that time were as follows: 
iminaire 
ceiling 16 fL 45° crosswise 1300 fL 


walls 19 fL 45° lengthwise 1300 fL 


columns 5-28 fL 10° erosswise 1215 fL 


floor 19 fL 30° lengthwise 1130 fL 


Lighting designed by John Logan, Hopkin Bros., and G. Earle Watt, Philadelphia 
Electric Co.; Electrical contractor, Robert Smith, Jr., 4240 Magee Ave., all of 


Philadelphia, Pa. 


Lighting data submitted by G. Earle Watt and George T. Anderson, Jr., Philadelphia 
Electric Co., Philadelphia, Pa., as an illustration of good lighting practice and 
to aid in the design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
Series XXITI 
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A Versatile Method of Calculating 


Illumination and Brightness 


O UR SYSTEM OF computing interior illu- 
mination is based on three fundamental concepts, 
the maintenance factor, the room index (or room 
ratio), and the coefficient of utilization. If the 
correct value for each of these three variables is 
used in the calculations, the predicted illumination 
Probably the 
largest errors in the predicted illumination are 
eaused by misjudging the maintenance factor. 
Adequate information is not available for use in 
evaluating this quantity and a comprehensive study 
coupled with extensive experimental work is needed. 


will match the measured quantity. 


While experimental checks are necessary in study- 
ing the other two concepts, the basic work is of a 
mathematical nature. These two subjects will be 
diseussed in detail. 


Room Ratio 


Our current room ratio system was established 
by Harrison and Anderson’ in the period from 
1916 to 1920 and was later improved through the 
efforts of Crouch and Freyer? who assembled data 
provided by Hisano.* These data were unavailable 
in 1920 and later were given insufficient attention 
The early work of Harrison and Anderson treated 
room shape as a ratio that could be computed from 
a formula. The ratio, regrettably, was abandoned 
later in favor of the room index in which all rooms 
of approximately the same shape were called equal 
through classification by a room index letter. 

Our current room ratio system might be called 
a “double ratio” system. One room ratio formula is 
used for direct luminaires, another for luminaires 
that are predominately indirect. For luminaires 
that direct more than 40 per cent of their flux be 
low the horizontal the room ratio formula is: 


width X leneth 


‘ 


Room Ratio 


(width + length) mounting height 
above work plane 


A paper presented at the National Technical Conference of the 


Tiluminating Engineering Society, August 17-22. 1958, Toronto, Ont 
AvuTHors: Smoot-Holman Co., Inglewoo!. Calif.. and Westinchouss 
Electric Corp., Los Angeles, Calif. This paper accepted by the 
Papers Committee of I.E.S. as a Transaction of the Illuminating 
Engineering Society 
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For luminaires that direct more than 60 per cent 
of their flux upward, the room ratio formula is: 
3 X width X length 


(width + length) X ceiling height 
above work plane 


Room Ratio 


Setting these formulas equal to each other, it can 
be seen that the ceiling height above the work plane 
must equal */. times the luminaire mounting height 
above the work plane. Therefore, the room ratio 
ean be exact for both the direct and indirect com- 
ponents of suspended luminaires only if the sus- 
pension length is one-third the distance from the 
ceiling to the work plane. Ordinarily, they are 
mounted nearer the ceiling. Thus, an error is intro- 
duced. 

Our current tables of coefficients of utilization 
being based, as they are, on room ratios of 0.6, 0.8, 
1.0, 1.25, ete., 


interpolation in the usual event that one finds a 


are not particularly well suited for 
room of ratio of some odd value. An inverse rela- 
tionship similar to k, would appear to be better 


suited to the needs. 


Possible Room Classification System 


The writers feel that one of the most promising 
room classification systems would be based on the 
following principles (see Fig. 1 

1. Divide the room into three basic cavities: 

(a) The eavity above the luminaires, 

(b) The cavity below the work plane, 

ce) The space bounded by the planes of the 
luminaires on the top, the work plane on the 
bottom, and the walls of the room 

2. Compute the ratio of the basic room by the 
formula given in Fig. 1. The cavity ratios for the 
floor and ceiling cavities can then be found by one 
slide rule setting, since they are proportional to the 
heights of the cavities compared to that of the basic 
room 
than f, 
confusion with the present use of the same formula 
K, is being 


used in this system because it seems to be the best 


It may be desirable to use some other symbol 
for the ratio of the basic room, to avoid 


to comprehend the total ceiling height 
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Method of splitting room into three sections. 


Figure 1. 
effec- 


p effective reflectance of ceiling cavity; p, 
tive reflectance of floor cavity. 


available system of classifying room 


currently 
shapes, although it represents flux distribution ac- 
curately only in a square room 

This treatment of room shape has already been 
suggested by Caracciolo* and others. The principal 
advantages of this treatment are as follows: 

1. It eliminates the “double ratio” system and 
thus reduces confusion, and adds accuracy. 
2. It is well suited to interpolation, thus adds 


convenience and accuracy. 
3. It simplifies the computation of coefficients of 


utilization. This will be dealt with more thoroughly 


later 

4. It would permit accuracy in coefficients for 
rooms in which the walls above the luminaires and 
below the work plane differ in reflectance from the 
remainder of the walls (dadoes and so on 

>. It would eliminate the error incurred in in- 
stances where the work plane is at some elevation 
or one-fourth the ceiling to 


other than 30 inches 


floor distance), as is assumed in the systems now 
current 

6. It yields a method of handling partitions with- 
in a room 

7. It focuses attention on the effect of varying 
mounting height and upper wall reflectance 

The cavity above the luminaires can be treated 
as a surface at the plane of the luminaires whose 
reflectance is the effective cavity reflectance. The 
oefficients of utilization would then be published 


on the basis of effective cavity reflectance rather 


than on the basis of ceiling reflectance as is now 
done. In large rooms having a shallow cavity, the 


effective 


eeiling 


cavity reflectance would approach the 


reflectance. In small rooms with a deep 
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cavity, the effective cavity reflectance would nor- 
mally be considerably lower than the ceiling re- 
flectance, particularly if the upper walls were dark. 
Effective cavity reflectance can be determined from 
plotted data similar to Fig. 2. This chart and Fig. 
3 were computed by a variety of methods all based 
on the assumption that the flux enters the cavity 
diffusely. Part was computed by the method used 
by Spencer® and part by the algebraic interflect- 
ance method.* Caracciolo has also done work on 


this problem and achieved results which agree with 
the data in Figs. 2 and 3. In a more comprehensive 
study of this problem the initial cavity wall bright- 


Pee 


AVITY REFLECTANCE 


ive 


2 5 o 
CEILING CAVITY RATIO Ke 


Figure 2. Effective ceiling cavity reflectance as a func- 
tion of cavity ratio for several combinations of 
reflectance. 
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FLOOR CAVITY RATIO K, 


Figure 3. Effective floor cavity reflectance as a function 
of cavity ratio for several combinations of reflectance. 
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ness could be varied according to any desired pat- 
tern, and studied by means of a computer, and the 
effect of changing the ceiling ratio studied. Chang- 
ing the initial brightness pattern affects the effec- 
tive reflectance somewhat in cavities having rela- 
tively high values of K, or Ky. 

Replacing the cavity with a fictitious plane at 
luminaire height does not impair the accuracy of 
the coefficients of utilization if the surfaces of the 
cavity are perfect diffusers and if the brightness of 
the walls of the cavity is uniform and equal to the 
ceiling brightness. The currently accepted calcula- 
tion method makes the same assumptions except 
that it does not assume the wall and ceiling bright- 
nesses equal. It does, however, assume the flux on 
the wall of the cavity to be spread out over the 
entire room wall, inducing an error not present in 
the proposed system. The assumption of equal 
brightness for walls and ceiling of cavity is neces- 
sary because of the fact that the flux emanating 
from the cavity is assumed to be diffuse. It is not 
perfectly diffuse if the walls and ceiling are not 
equal in brightness. However, the error intro- 
duced in the coefficients by a brightness difference 
appears to be small, of the order of a few per cent 
in practical cases. It is felt that the benefits stem- 
ming from the ability to consider wall reflectances 
in the cavities that differ from the reflectance of 
the room walls is ample justification for incurring 


a possible loss in accuracy caused by a lack of 


perfect diffusion. 

The cavity below the work plane can be replaced 
by a fictitious plane at the level of the work plane 
whose reflectance would equal the effective reflect- 
ance of the cavity, and otherwise be treated in the 
same manner as the ceiling cavity. 

Thus, the basic room is bounded by surfaces 
whose reflectances are fairly accurately known. 
Ordinarily, there is no furniture in this space, and 
the process of computing coefficients to obtain the 
illumination on the “floor” of the space is greatly 


simplified. 


Coefficients of Utilization 

Our present method of computing coefficients has 
received more study than that of the room ratio, 
and has been revised more recently.’ The present 
system is based on computing the flux streaming 
directly from the luminaires to the work plane by 
the use of zonal multipliers. This has been quite 
successful, and the zonal multipliers are quite accu- 
rate for computing direct flux to the work plane. 
To the direct flux computed by the zonal multi- 
pliers is then added the flux reaching the work 
plane after reflection about the room. Data pro- 
vided by Moon and Spencer*® permitted computa- 
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tion of this flux using interflectance values f;, fo, 
and fs. Interflectance f,; is the per cent of flux uni- 
formly incident on the wall surfaces that reaches 
the work plane. Interflectances fg and fs; are the 
per cents of ceiling and floor flux, respectively, that 
reach the work plane. 

Several mathematical and experimental studies 
have been made to ascertain the accuracy of these 
values. Some studies resulted in reports that indi- 
cated a high degree of accuracy; others indicated 
an error of several per cent under some circum- 
stances. However, it is generally recognized that 
the published fe values are generally accurate ex: 
cept for those for high narrow rooms, especially if 
the reflectances are low, Other methods are available 
for computing interflectance values. The algebraic 
method and a method of Dourgnon’:!’ provide 
practically identical results. The fz values of these 
two methods are very close to those of Moon and 
Spencer for all conditions except when the room is 
high and narrow. However, these values are often 
too high since the final wall brightness is not neces- 
sarily uniform as is assumed in the derivation. 

Another method for the determination of inter- 
flectance values has recently been developed by 
Professor Philip O’Brien at the University of Cali- 
fornia, Los Angeles.™:!* It utilizes a luminous 
analogue computer that permits determination of 
the final brightness of the room surfaces to an accu- 
racy of about one per cent, if the room is divided 
into a large enough number of surfaces. It appears 
to the writers that a computer to comprehend twelve 
surfaces is sufficient for most lighting problems. 
(See Fig. 4. 
determination of the final average brightness of 


A twelve-surface computer permits 


twelve room surfaces when the initial brightnesses 
of all twelve surfaces are known. The geometrical 
disposition of the room surfaces envisioned by the 
authors is illustrated by Fig. 5, and is based on the 
assumption the room brightness pattern will exhibit 
axial symmetry. The assumption of axial sym- 
metry permitted this division of the walls into 
bands encircling the wall. This necessitated writ- 
ing the basic flux equations in such form as to per- 
mit an exchange of flux between the four sections 
of the same band. Since it is necessary to know 
the initial brightness of each room surface (ceiling, 
work plane and each wall band A, B, C, ete.), a 
means is necessary for computing or measuring 
the flux streaming from the luminaires to these 
surfaces. This suggests the need for additional 
tables of zonal multipliers or perhaps a new system 
of photometry that would yield these data directly. 
For the latter, Losh’s' approach shows promise. 


The initial brightness Loe of the fictitious plane 
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Figure 4. Twelve-surface Luminous 
Analogue Comput>r of the type devel- 
oped by Philip F. O’Brien, UCLA. 
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the luminaire leve equal to the product ol of the brightness pattern of the entire room as is 
uminaire lumens and effective cavity r possible if many surfaces are considered. Secondly, 
divided by Ay, the area of the plane it is necessary to divide the wall area into several 
initial brightness, Leg of the work surfaces in order to minimize errors in the pre- 
product of lumens streaming directly dicted illumination. 
; plane (found from the zonal multipliers In one problem where the walls were considered 
and the effective reflectance, ps, of the of uniform brightness, the work plane illumination 
ty divided by the area of work plane, As was 5.1 per cent too high, whereas dividing the 
trast to dividing the room into many sur walls into ten surfaces yielded an illumination 
illustrated by Fig. 5, it is possible to con within one-half per cent of the exact solution as 
valls as a single area of uniform bright computed by Spencer."* Since this particular prob- 


thus have only three surfaces to consider lem had an exact mathematical solution, it was 


onsidered undesirable for two reasons: programmed on the computer. The brightnesses of 


vould not provide a complete knowledge the floor and ceiling, and that of the wall as a 
function of the distanee from the ceiling, were ob- 
tained and compared with the exact solution. The 
wall distributions are compared in Fig. 6, from 


CEILING (OR CEILING which it can be seen that the maximum deviation 


CAVITY RF ~ . 
SURFACE ) is about 2.5 per cent, and except for the upper two 


wall sections the deviations are less than one per 
cent. Table IT shows the exact brightness of the 
floor and ceiling as well as the solution by the 


Interflectance Method using the approximate ker- 
nels* and the computer solution. Table III com- 
a pares the published interflectance values with the 
Za computer solution for ceiling brightness and floor 
7 ai brightness as a fraction of the initial ceiling 
Z brightness for several common reflectances for a 

Z 
L 


TABLE I —Zonal Multipliers. 
Room K, 


WALL SAND 








FLOOR (OR _—- 
FLOOR CAVITY 
SURFACE 0-10 0 0 





Figure 5. Method of dividing walls into consecutive 
bands to permit programming of non-uniform bright- 
ness distribution on walls. Ceiling cavity surface is 
plane of luminaires; floor cavity surface is work plane. 
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Figure 6. Wall brightness distribution as a function of 
distance from the top of the wall, referred to initial 
ceiiing brightness. Comparison of exact (mathematical) 
and computer solutions, using ten wall bands, 


cubical room. This procedure could be utilized to 
provide a set of interflectance tables similar to those 
presently published, except that the inclusion of 
tables for each wall band would greatly increase 
the number of tables required. Therefore, it would 
be very laborious to use the tables to compute co 
efficients of utilization. It is felt that a much sim 
pler procedure would be to program the initial 
brightnesses of the ceiling cavity, floor cavity and 
wall bands on a computer for solution. This would 
yield the average brightness of all these surfaces 
and also provide the utilization factor directly 

made in this approach 
Use of the concept 


Two assumptions are 
which need further verification 
of effective reflectance for the floor and ceiling 
cavities implies that the flux enters and leaves 
these cavities in a diffuse manner. This is obvi 
ously not so in many cases. Examination of the 


range of ceiling ratios encountered in practice 
indicates that the error incurred by assuming dif 
fuse flux entry into the cavity would be fairly 


TABLE II — Distribution of Light in a Semi-Infinite 
Room. 


K. 1.0, p, Po — 8, pa 
Inter- Per Cent 
Exact flectance Error 


Per Cent 


Computer _ Error 


8449 
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TABLE Il! — Distribution of Light in a Cubical Room 
by Interflectance Method and by Computer. 


Lol Loe Ls/ Los 
Inter- Inter- 
flectance Computer flectance Computer 


Reflectances 


Ceiling / Wall / Floor 


80/50/30 1.167 5 087 1043 
50/50/80 1.098 or 0819 0987 
80/50/10 0274 0333 
90/50/10 1.0% RS 0262 0317 


0 10/10 1.047 0 0200 0258 


small. To confirm this assumption, the effective 
cavity reflectance was determined for a luminaire 
with extreme deviation from diffuse distribution (a 
and compared with that 


It will be noted that 


concentric ring luminaire 
for diffuse entry (see Fig. 7 
for ordinary combinations of ceiling and wall re- 
flectance, the error is negligible, while for the 
extreme case of 80 per cent ceiling, 10 per cent 
walls and a deep cavity (A, ®) the error is still 
less than 10 per cent, and in such a direction as to 
make the calculated reflectance high. Since ceiling 
reflectance and utilization of flux striking the ceil 
ing are almost directly proportional, this will incur 
an error in utilization of approximately the same 
magnitude 

The error due to assumption of diffuse exit of 
avain 


flux from the cavity was investigated by 


assuming an extreme case and caleulating the 


error, knowing it will be less for practical cases. 
The wall brightnesses and floor utilization factor 
were calculated for a cubical room with totally 
indirect luminaires of cosine distribution, sus- 
pended at one-half the floor to ceiling distance. 


Exact calculations were made by programming the 


1.0 -—— 
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80/80 


«1 
Kee 
Effect of non-diffuse entry of flux into cavity. 
-48 (J Room). Concen- 
395 (J). 


Figure 7. 
Diffuse entry, ceiling ratio 
tric ring luminaire, ceiling ratio 
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Figure 8. Effect of non-diffuse exit of flux from 


cavity. 


entire room and approximate calculations made by 
considering the upper part of the room as a cavity 
whose K,, then equaled .5. Two extreme reflect 
ance combinations and a practical one were chosen 
The results appear in Fig. 8 and Table IV. It will 
be noted that the errors in wall brightness are 
small, and that only in one of the extreme cases is 
the error in utilization factor appreciable. This 
ease is for the same wall and ceiling conditions 
which produced a calculation less than 10 per cent 
high for non-diffuse entry. Here, it produces an 
error about 9 per cent low. Therefore, not only are 
the errors which are incurred by ignoring the non- 
diffuseness of flux entry and exit from the cavity 
relatively small, but they are also compensatory. 
The total error in calculation of surface bright- 
nesses and utilization, therefore, will be quite small 


for pra tical cases 


Conclusions 
A review ol 


tem for 


the inadequacies of our present sys- 
making lighting caleulations has been 
made, and a possible system, which overcomes many 
of tl disadvantages of the present system, pre- 
sented. The major advantage of a system such as 
this is it 


ibility to comprehend conditions that are 


outside the limitations of the present system, and to 


TABLE IV 


Exact and Approximate Utilization 


Factors. 


Reflectances Utilization Factors 


Using Cavity Per Cent Error 
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provide a relatively complete picture of the final 
brightness pattern within an enclosure. A second- 
ary advantage is a substantial gain in accuracy of 
lighting level calculations. 
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DISCUSSION 

D. E. SPENCER The method of splitting rooms into three 
sections, suggested in this paper, is an extension of the pro 
cedure suggested in my 1956 paper, “The Effect of Furni 
ture on the Coefficient of Utilization.” It has a sound basis 
in the interflection theory. The effective floor cavity re- 
flectance suggested here is correct if there is no furniture. 
The values given in Fig. 3 are subject to modification if 
there are any obstructions in the “floor cavity” as is the 
ease whenever it is worthwhile to introduce such a subdivi- 
sion. However, suitable value of pp, can always be obtained 
by applying Fig. 3 to each open space between furniture 
and suitably averaging in the reflectance of desk or table 
tops. Likewise, the ceiling cavity may contain obstructions 
which should be taken into account in a detailed caleulation. 
It is gratifying to see the authors formulate the effect 
#f room shape in a rational fashion in terms of domance 
k..** Their use of the luminous analogue computer appears 
to be in excellent agreement with the interflection method. 
The only significant discrepancy shown in Table IT could be 
eliminated if the exact expressions for the direct light on 
the floor, which I recently suggested,” were employed. How 
ever, even this discrepancy is less than 10 per cent and 


therefore I feel that it is of seant practical significance. 


Storrs, Conn 


proportior 
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This process of refining the accuracy with which we can 
predetermine the brightness distribution in any luminous 
environment can be carried on indefinitely. However, vari 
ations of 10 or 20 per cent in the quantity of light and of 
100 per cent in the brightness distribution have so little 
visual significance that I am inclined to be satisfied with 
simpler, if less accurate, calculation procedures. 

The industry with which the authors pursue increased 
accuracy is admirable. Their procedures are generally 
sound. I would merely like to inject a word of caution and 
a plea that practical procedures for applying the interflec 


tion method should not be complicated beyond necessity. 
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R. T. Dorsey 


applied to zonal lumens which are derived from average 


These zonal multipliers in Table I are 
eandiepower around each particular zone. In the case of 
most incandescent downlights, the variation in candlepower 
around a zone would be relatively small. With fluorescent, 
luminaires, however, the values vary considerably and so thé 
brightness values calculated for the various wall zones 
would differ substantially from those which would actually 
be obtained. In general, with fluorescent luminaires parallel 
to the wall, the caleulated value would be too low, and with 
the luminaires perpendicular to the wall, the caleulated 
value would be too high. 
JEAN DourGnon:** I found this paper very interesting 
primarily because it puts the problem of computations in 
interior lighting in its true light. For this reason, I am 
pleased to have the opportunity to comment 

In regard to room ratio, it was not Hisano but Margoulies 
(in 1928) who first referred to the harmonic mean of the 
sides of a room, using my own method 

The ratio of height/side of the room for the room ratio 
has been championed by Phillips in Australia, Cadiergues 
and myself in France and others. Generally speaking 


authors of theoretical works prefer this ratio, while th 
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others prefer the reverse, because they do not want to 
change the current use, and in a certain way, they are 
right. Committee W.3.1.1.1 had a resolution in favor of 
side/height. It could be discussed again, but for my part, I 
think we must be very careful in this matter. 

Regarding possible room classification, at the moment I 
do not have Caracciolo’s paper at hand, but I must say that 
Caracciolo’s idea seems to have been given previously by 
Zijl. The question is being studied very seriously by Com 
mittee W.3.1.1.1 

We have two methods of approach: (1) We assume that 
the boundary surfaces of the room are at the top, the plane 
of the luminaires, and at the bottom, the working plane. 
Both those planes are assumed to have reflection factors 
equal to the equivalent reflectance of the cavity above or 
under the plane 

2) We assume that the room is an ordinary one and 


has its height “h” between the plane of the luminaires and 
the working plane equal to the same height “h” of the 
actual room, but the ceiling and floor are not at their true 


places, the distances to those planes being constant ratios 


If you 


want to compute p,,, which I call the partial utilization 


Both of these methods are wrong in certain cases 


factor for the walls illuminated alone (from floor to ceil 
ing), you will have a certain amount of flux that flows 
through the plane of the luminaires. With the first method, 
you must assume that this flux is uniform on the cavity 
above the luminaire plane, and calculate the utilization fac 
tor and the equivalent reflection factor as ‘if it were. No 
doubt, this is wrong. It is possible to calculate a rather 
r rect value of the equivalent reflection factor for the 
direct flux (Fig. A), but the true caleulation of the utiliza 
tion factor is not so easy. 

On the other hand, assuming that you have indirect light 
ing with suspended luminaires, method 1 will be quite cor 
rect, but with method 2 you will be obliged to separate the 
flux on the walls between the ceiling and luminaire plane 
and assume it is uniform on the whole surface of the walls 

between the ceiling and the floor) and use factor P,, which 
is certainly not the right one for this cas 

In regard to coefficients of utilization, the “algebraic” 
method, O’Brien’s method and my method, ete., are but the 
same method. They have the same assumptions, and the 


formulas fit these assumptions The results must be the 
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Figure A. Equivalent reflectance of the plane of the luminaires (square room, dis- 
tance between ceiling and plane of luminaires —0.80 meter) —-from Didier Fleury. 
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Calculating Illumination and Brightness 
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involved in a unified caleulations system. 


much like to see more work done on the problem of an 
accurate system of room classification, since no current 
system adequately represents all room shapes. We do not 


look with favor on the adoption of the resolution in favor 


of side/height. 


Mr. Dourgnon did not have the benefit of the additional 


checks on non-diffuse entry and exit of flux from thé 
cavity when he wrote his discussion. Thus, while his com 


ments relative to the first method of approach which we 


used) are quite accurate, the magnitudes of error intro 
duced in practice are quite small. 
We bow to Mr 


contributions from outside this country Unfortunately 


Dourgnon’s more ntimate knowledge of 
we in the United States undoubtedly pay too little attentioz 
to the work of our colleagues overseas 

The incorrect bibliography reference pointed out by Mr 
Dourgnon has been corrected for publication in ILLUMINA’ 
ING ENGINEERING, 


Polar Palace 


A 48-foot ceiling height at the center of Polar Palace 
ice skating rink, Los Angeles, made maintenance a real 
problem with the previous lighting system of suspended 
units. In relighting the 21,000-square-foot area, the 
fixtures were installed along the sides of the building 
just below the supporting tie rods. Continuous rows of 
96-inch four-lamp units with acrylic diffusing panels 
are mounted at an angle of 30 degrees to the vertical, 
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We should very 


Effective cavity reflectance, referred to by Messrs. Clark 
and Trostle, can be obtained from charts similar to Figs. 2 
and 3, which would be made available for whatever combi 
nations of reflectance were felt desirable. The only addi- 
tional calculation is of the cavity A, which is obtained at 
the same time us room K,, as noted in the paper. 

Regarding Professor O’Brien’s comments, the directional 
aspects of the flux streaming from the cavity do not seem 
to have great effect on the illumination and brightnesses 
within the room, as can be seen from Fig. 8. The effect of 
luminaire trapping, however, needs a good deal of research 
Incidentally, such research would be greatly facilitated by 
the use of the compute Obviously, it would affect this 
system only | or ving ey ie of the effective cavity 
reflectance. 

We feel it would be quit 
tion to be developed at this time, 


L.E.S. Nomen omm ee, oO 


desirabl vr a standard nota 
believe that the 
h Professor O’Brien 


itly working 


Relighted 


28 units on each side. Units are wired for switching 
Colored 


PAR-38 reflector lamps are installed on alternate col- 


from two to four lamps for various levels. 


umns to create the desired atmosphere for specialty 
performances. Walls and woodwork were repainted for 
higher reflectance. Ulumination level is from 8 to 10 
footeandles. Photo and data courtesy Department of 


Water and Power, Los Angeles, Calif. 
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Trotters attract crowds from 


New York City, who travel the 
Thruway until they see the 


Sign at 
Yonkers Raceway R ACING enthusiasts who follow the trotters 


at Yonkers Raceway, New York, are now guided to 
their destination by an identifying sign visible a 
mile away. Letters spelling out the name of the 
track are 414 feet high. 

The fourteen letters were first blocked out in 
stainless steel frames. The inside reflecting sur- 
faces were painted white and four neon-filled tubes 
installed in each frame. Acrylic plastic letters 
matching the frames were machine-cut from twelve 
14-inch thick sheets. Two “E’s” and two “A’s” were 
made from a single 67- by 102-inch sheet. The 
plastic pieces were then fitted into the lip of the 
steel frame and screwed into place. The completed 
letters were delivered to the race track where they 


were hung on the wall with angle irons 


Router rough-cuts letter “A. 
Fabrication and installation by rtkraft-Straus ‘ Commercial 


Plastics & Supply Corp., both « 


Plastic letter “O” is slipped into steel frame. Completed letters are mounted on building. 
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Multilayer Polarizers 


and their application to 
General Polarized Lighting 


OBJECT of this paper is to deseribe 


the properties of multilayer polarizers and their 
unique application to general polarized lighting, 
as well as the results obtained through the use of 
general polarized illumination. Particular refer- 
ence will be made to the improved visibility on the 
task and a large improvement in perception of the 
surrounding areas. 

The application of multilayer polarizers to gen- 
eral polarized illumination was first disclosed by 
Marks in a series of patents.’~* Many structures 
have been studied for this application, ineluding 
thin layers of glass sheets, plastics, multilayered 
films on glass and sheets composed of layers of 
flake glass having air interstices between the layers 
of flakes. The principles discussed herein apply to 
all forms of multilayer polarizers; however, the 
results obtained will be specified as to the type of 
multilayer polarizer employed in connection with 
the tests. 

A clear distinction must be made between the 
linear type of polarizer commonly employed for 
sun glasses or camera filters and the like, and the 
multilayer polarizing materials of this paper. In 
the illumination field, the multilayer polarizers 
possess certain inherent advantages over the linear 
type polarizers, as will be seen from the following 
discussion. 

The linear type polarizer had been used commer 
cially, to a limited extent, in desk lamps, but could 
not be used successfully in the field of general 
illumination because of certain inherent disadvan- 
tages which will be apparent. Fig. la shows a 
linear polarizer sheet 3 with an ordinary unpolar- 
ized ray of light 1, indicated by a star placed on 
the ray, transmitted partially through the sheet 3 
and emerging as polarized ray 2. With the con 
ventional type linear polarizing sheet 3 shown, the 
ray 2 is polarized and transmitted to the extent of 
only about 35 to 45 per cent of the initial ray 1. 

Fig. 1b shows a multilayer polarizer sheet 4 with 
unpolarized ray 5 impinging on the sheet 4 and 
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Figure la. Linear polarizer. 


splitting up into two rays, a reflected ray 6, polar- 
ized in the plane of the diagram, and a transmitted 
ray 7, polarized normal to the plane of the dia- 
yram. If the multilayer polarizer contains a suffi- 
cient number of layers, and if these layers are thin 
and transparent, the reflected ray 6 and the trans- 
mitted ray 7 will contain approximately equal 
amounts of energy, but polarized at right angles to 


Figure lb. Multilayer polarizer. 
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Figure le. Linear polarizer and light in reflecting 


enclosure. 
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panels multilayer light 
ommercial type of diffusing shield 
only employed. In addition, they 
re of yielding polarized light, 
brating in particular planes and 
reased visual acuity, as will be shown 
ix polarization” action of the multi 
layer polarizing sheet 4 is shown in Fig. Id. A ray 
of ordinary 


light 5 from any point on a source of 
light 8 within the luminaire impinges on the 
multilayer polarizer 4, and approximately 45 per 
7. Another 45 per cent 
a vertically polarized 
the ray 5 may be 

Varks 


’olarizers 


absorbed in the multilayer polarizer. Upon striking 
the diffusing coating 9, the ray is depolarized and 
reflected as scattered ray 10. Assuming a reflection 
factor of approximately 85 per cent, 38 per cent of 
the initial light energy is present in the ray 10. 
Ray 10, which is ordinary unpolarized light, again 
strikes the multilayer polarizer 4 and is transmitted 
as another horizontally polarized ray 7° containing 
17 per cent of the initial energy. Another 17 per 
cent of the initial energy is also reflected as ver- 
tically polarized rays 6’ which strike the depolariz- 
ing diffusing coating 9. These are again reflected 
as ordinary unpolarized scattered rays 10°, which 


comprise 17 per cent times 85 per cent, or approxi- 


mately 14 per cent of the available light energy. 


Rays 10° are again transmitted, as rays 7” through 
the multilayer polarizer 4, to the extent of approxi- 
mately 45 per cent of 14 per cent or 6.3 per cent. 
In a similar manner, subsequent reflections, de- 
polarizations and transmissions produce additional 
percentages of approximately 2 per cent, 0.6 per 
ent, 0.2 per cent, ete. 

Summing all these transmissions (45 + 17 + 6.3 

2 + 0.6 + 0.2 a total of approximately 71 
per cent is the resultant, in this example. This 
process has been named reflux polarization 

In the above calculations, an absorption loss of 
approximately 10 per cent is assumed in the multi- 
layer polarizer, which is approximately true for 16 
layers of thin isotropic plastic sheets 

For light rays, such as ray 12, transmitted nor- 
mal to the plane of the multilayer polarizer 4, or 
approximately so, no polarization is produced. 
Ilowever, the reflected component 13, of the ap- 
proximately normal ray 12, will contain a higher 


proportion of the initial light energy than that 


’ 
Figure Id. Multilayer polarizer and light in depolariz- 
ing reflecting enclosure, showing reflux action and 
percentage transmissions. (Note: Angle of incidence is 
equal to angle of reflection. Error is in drawing.) 
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Figure le. Linear polarizer with light source above it 
and conically distributed light passing downward through 
the linear polarizer showing variation in direction of 
plane of polarization of the rays, with reference to the 


planes of incidence. 


contained in the omponent 6. The 


transmission factor of the approximately normal 


ray 12 is lower than that of the transmission factor 


for rays transmitted at angles, such as the rays 7 
and 7’. Thus, the transmission of the approximate 


ly normal rays is partially suppressed and the 


and 7 


transmission of the oblique rays such as 7,7 


is favored. In other words, the normally trans 


mitted beam which is not polarized is considerabl) 


reduced in transmission, and the polarized beam 
which is spread conically about the normal axis is 
favored as to transmission. This is substantiated 
by comparison of the data of Figs. 3b and 3e with 
11 and 13 


Fig. le shows a conventional linear polarizer in 


14 situated above the 


those of Figs. 


plan view with a light source 
polarizing axis of the 
XX'. Rays 20 through 
14 proceed downward through 


polarizer 3, and with the 
sheet 3 along the axis line 
27 from the source 
the sheet 3 and spread out in a diverging cone onto 
the horizontal floor beneath 

Rays 24, 25, 
etween 0 and 90 degrees to the axis XX! 


26 and 27, which are proceeding at 


an angle b 


will be polarized some other angle to the plane 


of incidence of these rays, neither in the plane of 


incidence nor at right angles to the plane of inci 


dence. In Fig. le, only those rays 22 and 2: 


}, polar 


ized normal to the plane of incidence by being 


transmitted at right angles to the axis XX}. 


substantially only those rays included between 
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and 24 and 25, covering an angle 


+30 degrees about the rays 22 


rays 26 and 27, 


of approximately or 
23, are in such plane of polarization, as to be effee- 
tive for substantial refraction into the object being 
viewed. 

On the other hand, rays 20 and 21 and a sector 
comprising approximately +30 degrees to either 
side of these polarized approximately in 
the plane of 


tially reflected from the object being viewed, and 


rays are 


incidence. These rays are substan- 


thus accentuate the specular glare 
It is apparent from a study of Fig. le that 


the linear type polarizer is unsuitable for general 


polarized lighting, since it can only be used with 


specifically directed rays. On the other hand, by 
referring to Fig. If, 


multilaver polarizer 4, a light 


which shows a plan view of a 


source 30 and rays 


31 through 38 inclusive, proceeding downwardly 


from the light source 30 through the multilayer 


polarizer, it will be apparent that all the afore 


mentioned rays are polarized normal to their re 


All the rays 31 to 38 


spective planes of incidence 


inclusive, therefore, are in a condition to be pret 


erentially refracted into any viewing surface upon 


which they may impinge. Thereupon, all rays 31 


through 32 proceeding in all radial directions, are 


effective to reduce specular glare upon surfaces in 


directions under the luminaire. Therefore. the 


multilayer polarizer 4 may be employed with gen 
eral polarized illumination, that is, all rays from a 
luminaire proceeding in all directions through a 


multilayer polarizer, preferentially refract into 


Figure If. Multilayer polarizer, with light source above 


it, and conically distributed light passing downward 
through the multilayer polarizer, showing the plane of 
polarization always normal to the radial planes of inei- 


dence, this effect being termed “radial polarization.” 
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Figure 2a. Reflection components for ordinary un- 

polarized light from an idealized section of a “dark” 

area, and an adjacent “light” area, comprising a sur- 

face reflected component, and a_ refracted-reflected 

component from underneath the surface. (Note: num- 
ber 43 at extreme right should read 46.) 


ial task which is underneath the luminaire 
polarizing vectors in Fig. 1f are always nor- 
he plane of the incidence from whatever 
all radial directions of these rays. The 
shown in Fig. 1f has been given the 
olarization to distinguish it from the 


action shown in Fig. le 


of ordinary unpolarized and 


polarized illumination on the visual task are shown 
in Figs. 2a and 2b, respectively. Fig. 2a shows 
entional unpolarized rays from a light source 
shown) impinging upon an object O, which 
omprise a bright surrounding area 48 and a 


area 41, 


the surround 


the object being viewed, 48 being 
The ray 40, being unpolar- 
partially refracted into the pigmented area 

11 and is then reflected as a scattered beam 44 of 
brightness be (containing altered color 

if the area 41 be 
The surface of the object 42 re- 


pigmented by a 
formly, and shows up as a brightness b, 
‘zardless of the position of the ray over the sur 

whether it be on the dark pigmented area 41, 
This is 


ly the refracted beam can be affected by 


er the bright unpigmented area 48 


the pigment. The reflected beams 43 or 46 are un- 
affected by the pigment characteristics of the re- 
rions below the surface, and therefore, are of a 
uniform brightness b over the entire surface, re- 
rardless of what pigment there may lie below the 
surfa rhus, the ray 45 striking the bright sur 
rounding area 48 is reflected from the surface with 
a brightn bh as ray 46, 


fracted belo 


brightness b, as ray 47 


and is also partially re 


» surface and scattered back as the 


We now refer to Fig. 2b which shows an object 
identical with that shown in Fig. 2a; however, 
rays 40 and 45 have been replaced with polarized 
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rays 50 and 51, which have been polarized normal 
to the plane of incidence, that is, normal to the 
plane of the paper. They are shown for the condi- 
tion in which the rays totally refract into the sur- 
face 42, and then emerge as rays 44 and 47, having 
a brightness be and b, for the pigmented and white 
areas, respectively. The brightness of rays 50 and 
51 may be altered by constant factor a relative to 
that of rays 40 and 45, without changing the re- 
sult 


Contrast C may be defined as follows :™ 


B,—B, 


Hy = 
B, 


where B, = brightness of the surround, 


B brightness of the object. 


2a, the total brightness of the light re- 


In Fig. 
flected from the unpigmented and pigmented areas, 
respectively, are split into components and shown 


in the following equations: 
B,=b,+b (2) 
B,=bet+b (3) 


In Fig. 2a, it will be assumed that the reflected 
component b is everywhere reduced by an amount 
b’, by partially polarized light incident at any angle 
other than the normal, that this light b’ is instead 
refracted into the surface, and that the total re- 
flected light from below the surface is then in- 
ereased to b,(1+b') and b2(1+b’) respectively, 
because of the additional amount of light refracted 
into the surface. It will be particularly noted that 
this derivation is independent of the angle of inci- 
dence and the percentage of polarization. 

For the case just discussed, the brightnesses B, 
and B, became B,’ and B,’ as follows: 








| 


— — | 


Figure 2b. Refracted-reflected component from under- 
neath the surface only, using light polarized normal to 
its plane of incidence, from an idealized section of a 
“dark” area and an adjacent “light” area. The surface- 
reflected component is entirely absent in this illustration 
because of the polarized light and angle of incidence. 
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B, =b, (1+b’) + (b—-b’) 
B,’ =be(1+b’) + (b—0' 


bi—be 


C (Unpolarized ) 


bi T b 


(by —be) (1+ 0’ 
(Polarized) (7) 
b, (1+b')+(b-)D’ 


2 7 -—] 
b, l T b’) T (b—bD’) bi — be 


b—b’) 


(1+)b’) (b,+b)—b, (1+0') - 


b, (1+b') +(b-D’ 


b—b-4 b’ b+bb'—b-4 b’ 


b, (1+-b’) + (b-Dd’) 


+(b—b’) 
bh’ (1+b) 
b—b’) B, 


For the condition shown in Fig. 2b, )=D’' at 
Brewster’s angle for incident light which is 100 


per cent polarized. 
10 


Since b, b’ and b,; are always positive, it follows 


from equations (9) and (10) that there is always 
an increase in the contrast when employing par- 
tially polarized light at all angles of incidence, 
compared to the contrast under unpolarized light- 
ing conditions, except at 0 degrees, where the con- 
trasts are the same. There is an increase in con- 
trast however small b’ may be. Therefore, polar- 
ized light, when radially polarized, may be said 
to always increase the contrast of the object viewed 
relative to its surround. We may also see from the 
formula (10) that this increase in the contrast is 
particularly marked in the case of low brightness 
surrounds. 

It has been shown by Chapanis® and others®*§ 
that visual acuity increases with the contrast. It 
has been further shown by Cottrell® and others 
that for a given illumination intensity, the thresh- 
old for visual perception increases with the in- 
herent contrast of the object being viewed relative 
to its surround. 


The contrast ratio, r is defined by: 
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B, 
(11) 
B, 

The contrast ratio as defined in (11) is related 
to the contrast C defined in formula (1) by the 
following relation: 

r=] 
Cc=-—— 
, 

The experimental test set-up shown in Fig. 12a 
shows a means for measuring contrast ratio. The 
light projector 91 projects a beam of light 92 onto 
an area 93, on which are alternately placed white 
and black printed newspaper in large areas. The 
reflection is measured by the photocell 94, and the 
meter 95 at an angle 6, where the angles of inci- 
dence and reflection are equal. The reading for 
the reflected light from the white area is divided 
by the reading for the reflected light from the 
black area, and the ratio r is computed as in (11) 
and plotted for ordinary light in Fig. 12b, curve a. 
The results with the multilayer polarizer 96 are 
plotted in Fig. 12b, curve b. The multilayer polar- 
izer used in these tests was 18 thin layers of cellu- 
lose acetate, .001 inch each, between two glass 
sheets, .050 inch thick, making a total of 20 layers. 

Curve a in Fig. 12b shows that for ordinary un- 
polarized light, the ratio r is approximately con- 


stant out to about 350 degrees, and equal to 5.2, 


then it decreases rapidly to 3.0 at 45 degrees and 
to 1.8 at 60 degrees. 

Curve b in Fig. 12b shows that for light polar- 
ized with a multilayer polarizer, the ratio r always 
increases — at 30 degrees, it is 8.7, at 45 degrees it 
is 9, and at 60 degrees, it is 15 

Curve c, Fig. 12b shows the per cent increase in 
contrast ratio at each angle of incidence for light 
polarized by a multilayer polarizer, relative to 
ordinary unpolarized light 75 per cent at 30 
degrees, 175 per cent at 45 degrees and 730 per 
cent at 60 degrees. In terms of conventional con- 
trast C, the per cent increase in contrasts at each 
angle is as follows: 


ANGLI Per CENT INCREASE C 


31. 

110 
The contrast ratio is always greater with light 
polarized by a multilayer polarizer than with un- 
polarized light at all angles of incidence except 
the normal. Reducing this to contrast, the per 
cent increase is significant for greater angles of 
incidence for visual acuity. In fact, at the large 
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Figure 3b. Testing laboratory’s report for troffer fluo- 


Figure 3a. Testing laboratory's report for open troffer 
rescent luminaire with standard diffusing panel. 


fluorescent luminaire. 


izing shield, respectively Lighting efficiencies 
based on bare tube lumens are shown in the figures 
Fig. 3c shows that very much less light is trans 


mucl mitted by the flake glass multilayer polarizer panel 


unpolarized between the angles of 70 and 90 degrees. Multi 


rerore, | laver polarizing devices have an inherent low 

polarized illumina brightness at high angles, yet, light transmitted 
illumination will, in general 
at the wider angles 


increased visual 
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Testing Laboratory 


independent testing 


fa. 3b and 3e show in 
unshielded luminaire 
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the luminair . ; — 2 
, . Figure 3c. Testing laboratory’s report for troffer fluo- 
rlass type polar rescent luminaire with glass flake polarizing panel. 


ILLUMINATING ENGINEERING 





between the angles of 30 and 60 degrees is in 
excess of that transmitted by the standard diffus- 
ing shield, 3b. In Figs. 3a and 3b, there is greater 
candlepower projected downward under the luini- 
naire. The downwardly transmitted light in the 
ease of the multilayer polarized panel in Fig. 3c is 
less than that for the commercial diffusing panel 
shown in Fig. 3b, yet the light transmitted at the 
35- to 60-degree angle is greater over the most 
important range of solid angles. The light flux 
values are approximately equal to 50 per cent for 
both the 


panels, compared to 78 per cent for the unshielded 


commercial diffusers and multilaver 
luminaire, an efficiency of 64 per cent relative to 
the unshielded luminaire taken as 100 per cent. 
It is known'’* that higher contrasts require lower 
levels of illumination for the performance of visual 
tasks. Hence, since polarized lighting provides 
higher contrasts, with the same level of illumina- 


tion, the visual effectiveness is increased. 


Tests With MuLTILAYER PLasti 
POLARIZING PANELS 

Another series of tests was performed with 18 
thin layers of plastic, .001 inch thick cellulose 
acetate, between two layers of clear glass, each about 
0.125 inch thick, making a total of 20 layers as a 
panel under a standard commercial troffer fluores- 
cent luminaire. 

Fig. 15 shows candlepower distribution vs. angle 
for (a) unshielded luminaire, (b) luminaire with 
luminaire with 


| hese 
} 


results are plotted in Fig. 16 as zonal lumen dis 


a standard frosted glass and (¢ 
the multilayer plastic polarizing panel. 
tribution vs. angle 

The results show: (1) A suppression of the lig 
in the 0- to 33-degree range; and (2) an increase 
in light flux as zonal lumens in the 33- to 70-degree 
range. These results are in general agreement, but 
accentuated relative to the tests previously dis 
eussed with the flake glass polarizers, and may 
be attributed to the reduced diffusion with plastic 
polarizers over the diffusion of the type of flak 
glass polarizers used in these tests. This is because 
the air spaces in the plastic polarizers were flat 
and uniform, while those of the flake glass polar- 
izers were not. 

The lighting characteristics of the multilayer 


polarizer shown in Figs. 3e and 15 are better 


adapted to produce to a wider and more uniform 


field of illumination Polarized luminaires 


equipped with multilayer polarizers may be spaced 


somewhat wider apart and still give a more uni 


form light on the visual plane. This may be par 


ticularly important in view of the new high inten- 


sitv fluorescent lamps now being introduced Ceil- 
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ing brightness would be reduced and luminaire 
spacing may be increased. 

Whether the viewer is standing or sitting, except 
when viewing a specific visual task, the most useful 
angles of view lie between 30 and 60 degrees. The 
multilayer polarizer gives a more useful distribu- 
tion of light in the 30- 
does the luminaire shielded with the commercial 


to 60-degree range than 
diffuser (3b). Because the multilayer polarizing 
sheet inherently provides a much lower transmis- 
sion between the angles of 70 and 90 degrees, as 
shown in Figs. 3¢ and 15, low ceiling brightness 
results, and direct ceiling glare is either reduced 
or eliminated. The reduced intensity of the nor- 
mally directed rays using the multilayer polarizer, 
shown in Figs. 11 and 15, smooths out the increased 
brightness usually present under the luminaire, 
and provides a more uniform field of illumination. 
These factors enhance the performance of multi- 
layer polarizer shielding panels for general polar- 
ized lighting 

A room provided with general polarized illumi 
nation is psychologically pleasing. Under polar- 
ized light, there is a reduction of veiling haze on 
surfaces which results in 


horizontal improved 


inereased visual threshold for ob- 


jects difficult to perceive, increased saturation of 


visual clarity 


colored objects and low ceiling brightness. Conse- 
quently, there is a feeling of ease and a reduction 


of fatigue with general polarized illumination 


CONTRAST TESTS 


Tests for contrast were made using black and 
white matte and black and white semi-gloss papers. 
Samples of each were chosen to give comparative 
measurements for contrasts from an open lumi- 
naire, from a standard diffusing shielded luminaire 
and from a luminaire shielded with the multilayer 
polarizer of the flake glass type. These measure- 
ments were taken on the apparatus shown in Fig 
tf, which was designed and built to the author’s 


specifications 


INSTRUMENT USED FOR MEASURING CONTRAST 


In this instrument, large areas corresponding to 
the object, such as black print, and large areas 
eorresponding to the background, such as white 
paper, are measured separately 

81 Luminaire capable of turning on axis A, 
NN’ normal to face of luminaire 

82 Klectrical meter to 


measuring measure 


light intensity in relative units (photovolt meter 
83 Photocell equipped with iris diaphragm 
Surface being tested. 
Lighting panel being tested 
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Figure 4. Mechanical linkage system for test in which 

the viewing plane is always parallel to the multilayer 

polarizing panel, and the angle of incidence is always 
equal to the angle of reflection. 


Surface 84 is maintained parallel to lighting 
pan » by linkage KEFL, to simulate horizontal 
surface of desk (or floor) illuminated by horizon- 
tal panel 85 in ceiling, at ali angles of incidence, 6. 


DB is a slot guide perpendicular to surface 84 


and GHEB BIJ-BC is a linkage such that angle 


of reflection 6 #, angle of incidence, at all times. 
This corresponds to the most critical angle of view- 
ing wher ‘e is a maximum 
The per 

x the multilayer polarizing panel in terms 


standard commercial diffusing panel and 


increase of the contrast was com- 


also the open troffer. The above computations were 


made for both matte paper and newsprint paper. 


Figure 5. Brightness contrast of black and white matte 
paper when illuminated with a flake glass multilayer 
polarizing panel, compared to an open troffer and a 
standard commercial diffusing panel. (Note: Circles 
and solid lines indicate flake glass panel.) 
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ResuuLts or ConTRAST MEASUREMENTS 


Measurements plotted in Fig. 5 show contrast 
for black and white matte paper at various angles 
of incidence; those in Fig. 6 show contrast for 
black and white semi-gloss newsprint paper at 
various angles of incidence. 

The contrast tests were conducted so as to pro- 
duce the maximum specular glare. This corre- 
sponds to the most difficult visual condition, 1.e., 
when the viewer is so situated that the angle of 
reflection from the object equals the angle of inci- 
dence of the light on the object. 

Figs. 7 and 8 show the per cent increase in con- 
trast for black and white matte paper and for 
black and white semi-gloss newsprint respectively. 
Figs. 7 and 8 show that the per cent increase in 
contrast is always positive for all angles of inci- 
dence. 

Thus, from the experimental data of Figs. 7 and 
8, and from the theory from which equation (9) is 
derived, it is proved that compared to ordinary 
unpolarized light, for general illumination, polar- 
ized light always increases the contrast, conse- 
quently, polarized light has the collateral desirable 
effects of improved visual acuity, and improved 
visual threshold, i.e., better visibility. 

The maximum per cent increase in contrast is 
noted at or near Brewster’s angle, where the per- 
centage of polarization is maximum and the re- 
flected component is minimum. However, the per 
cent increase in contrast of polarized light in com- 
parison with unpolarized light is always positive 
at all angles of incidence. The only angular range 


Figure 6. Brightness contrast of black and white news- 

print when illuminated by a fluorescent troffer with a 

flake glass multilayer polarizing panel, an open troffer 
and a standard diffusing panel. 
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Figure 7. Per cent increase of brightness contrast of 
black and white matte paper when illuminated by a 
fluorescent troffer with a flake glass multilayer polariz- 
ing panel compared to a standard white diffusing panel. 


where little or no change is noted is in the O0- to 


30-degree range. This range is outside the range 


normally utilized except for viewing specific visual 


tasks. 


TESTS Per CENT POLARIZATION 


The per cent of polarization from the flake glass 
multilayer polarizing panel was determined from 
nadir to 85 degrees when the panels were mounted 
in a two-lamp 40-watt fluorescent troffer. The per 
cent of polarization was based on candlepower dis- 
tribution measurements made in a plane perpen 
dicular to the plane of the fluorescent lamps. The 


measurements were made viewing the unit through 





Figure 8. Per cent increase of brightness contrast of 
black and white newsprint paper when illuminated by a 
fluorescent troffer with a flake glass multilayer polariz- 
ing panel compared to a standard white diffusing panel. 
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a polarizing analyzer, first with the polarizing 


medium transmitting the maximum amount of 
light, and then with the polarizing medium rotated 
to give the minimum amount of light delivered to 


the photocell. 


The computations were made by the formula 


I nex — Luin 
Per cent polarization = 100 

Teen + Lute 
made in 
flake 
glass panel on the variation of the percentage of 
polarization with the transmitted 
light from the luminaire. This shows that the per- 


shows the results of a test 


with the 


Fig. 9 


connection multilayer polarizing 


angle of the 
eentage of polarization in this particular panel 
reached a maximum of approximately 85 per cent 
Brewster’s angle, approximately 57 


at or near 


devrees. 


Veiling Haze — Reduction with 
Polarized Lighting 
We now come to an important point relating to 


the invisible veiling haze, almost always present 


Figure 9. Per cent polarization vs. angle of incidence 
of a clear flake glass multilayer polarizing panel in a 


fluorescent troffer. 
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Figure 10. Idealized randomized 


fibers showing 


portions of surface of each fiber acting as specular 


reflecting areas, 


WV ultilayer 


This is 


are made 


ving 
paper, rugs 
mprise th 
are con 


iirections 


rlare from thes« 


th 


» 


ate 
Snow! 


ers bU 


Polarizers 


p mition 


1 63. proce: ad 


l Ln pireings 


and 61. Por 


Marks 


tions of the fiber surface which are shown as ele- 
mentary areas 64 and 65 are randomly oriented 
so as to reflect, directly, the rays 62 and 63 to the 
eyes of the observer 66. The angles of incidence 
and reflection of these directly reflected rays are 
equal, and therefore, the situation obtained with 
respect to the elementary surfaces 64 and 65 is 
identical to that shown in connection with Figs. 2a 
and 2b. Therefore, the use of polarized lighting, 
as shown in Fig. 2b, will remove or reduce the 
specular glare component from the elementary 
randomly placed areas 64 and 65 

The great number of random specular reflections 
give rise to what may be termed “veiling haze,” 
present everywhere. This “veiling haze” is reduced 
by the use of general polarized illumination. It 
has been demonstrated here that general polarized 
lighting utilizing multilayer polarizers as shielding 
panels for light sources will reduce “veiling haze” 
and will, therefore, increase visibility, contribute 
to visual comfort and lessen fatigue 

It will be apparent that the above principles 
also apply to luminous ceilings, which are more or 
less completely shielded by multilayer polarized 
panels 

A further important property of multilayer 
polarizing panels applied to illumination is shown 
in Fig. 11. This is the property of control of the 
light distribution curve by the employment of a 
fewer or greater number of layers of differing 
indices of refraction. In Fig. 11, eurve 70 shows 
the light distribution pattern with 18 thin plastic 
lavers plus two sheets of glass, totalling 20 layers, 
having an index of approximately 1.5, alternating 
with air of index approximately 1.00 for trans- 
mitted light only. The plastie layers employed 
were thin (.001-inch thick), cellulose acetate sheets 
between .050-inch thick glass supporting layers 

Curve 71 shows the light distribution curve for 
the same structure, but with 38 thin plastic layers 

2 sheets of glass, totalling 40 layers. Inerease 


n the number of lavers is effective In Increasing 


Figure 11. Polar graph showing per 

cent transmission and per cent polari- 

zation of light vs. angle of incidence 

for multilayer plastic polarizers sup- 

ported by glass, having a total of 20 

layers and 40 layers, respectively, with 
no reflux action. 
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Figure 12a. Test set-up for Figs. 11 and 12b. (Note: 


Number 93 should be inserted before “sample black 


and white newspaper” — viewing area.) 
the ratio of transmission at Brewster’s angle rela 
in the 


With a 


sufficient number of layers, it is possible to sup 


tive to the transmission at normal incidence, 
case of curves 70 and 71, from 1.27 to 1.61 
press normal transmission almost entirely, while 


permitting transmission .at Brewster’s angle 
Curves 72 and 73 are the corresponding curves 
showing polarization vs. angle for the 20 and 40 
layers respectively. The effect of increasing the 
number of layers is to increase the percentage of 


f 


polarization at all angles of ineidence and _ to 
broaden the angular distribution of polarization 
that is, to increase the percentage of polarization 


at all angles of incidence except at 0 degrees 


Results of Calculations on Multilayer 
Polarizers Using Fresnel’s Equations 

Fig. 13 shows a graph constructed by the au 
thor,'' from ecaleulations based on Fresnel’s equa 
tions, for multilayer polarizers with various num 
bers of layers and various relative indices of r 
fraction assuming no absorption. These show 
a) The transmitted light at the norm 
degrees may be reduced almost zero by 
80 layers of index 1.41, 32 layers of index 
16 layers of index 2.24 

b) The peak transmission at Brewster’s angle 
50 per cent (assuming no absorption losses) r 
gardless of the number of layers or the index 
refraction 


c At any given index of refraction, the 


Figure 12b. Contrast ratios for un- 
polarized light (a), for polarized light 
using multilayer plastic polarizer (b), 
and per cent increase in contrast ratio 
using a multilayer plastic polarizer 
light rs. 
angle of incidence of light on the sur- 


compared to unpolarized 


face tested, for black and white news- 


paper (c). 
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cent polarization curve rises more rapidly using a 
vreater number of layers. For example, to obtain 
30 degrees or 
more, we may use 80 layers, N 1.41, 32 layers, 
N 1.73 or 16 layers, N 2.24, while the 95 per 
cent polarization is obtained at 57 degrees or more 
with 20 layers, N 1.41, 8 layers, N 1.73 or 4 


layers, N 2.24 


at least 95 per cent polarization at 


d) Brewster’s angle shifts from 54 degrees at 
N = 1.44 to 57 degrees at N 1.50, to 60 degrees 
at N 1.73, to 67 degrees at N 2.24 

For general illumination, I prefer to use ma 
terials such as glass or plastic which have a relative 
index of refraction of approximately 1.50, which 
corresponds to the same index 1.50 for paper, wood, 


glass and the most commonly viewed objects 


Polarized Halo Effect 
Fig. 14 shows a ceiling equipped with a sufficient 


number of layers to produce the “polarized halo 


ceiling” effect. With a sufficient number of layers, 
it has been shown, experimentally and theoretical 
lv, in Figs. 11 and 13 respectively, that the down 
vard light to 30-degree range may be al 
most totally suppressed, while practically complete 
light may he 


polarization of transmitted 


achieved using at leas vers of index 1.41, 32 


lave rs of mdex ] 73 or 16 lavers ol index 2 24 


for at least SO layers and index 1.50 


Application of the Polarized Halo Effect 
To Viewing Specific Tasks 

While the principles discussed in this paper have 
been applied to general illumination, the author 
suggests a 


solution the problem of viewing 
specific tasks, such as pencil marks on paper, which 
due to specular reflections 
range and having a maximum 


anner, a halo 
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Figure 13. Theoretical caleulated curves showing vari- 
ation in per cent transmittance, and per cent polariza- 
tion, vs. angle of incidence, with no reflux action, and 
with different numbers of layers and different relative 
indices of refraction. Peak transmission is achieved at 
Brewster's angle indicated according to the relative in- 


dex of refraction, 


observer al 


LOO. witl 
polarized light will follow 


tt 


pserver no matter where he 


elling effect is extremely) 
isual task problem’’ by sup 
0- to 45-degree range, pat 


degrees, and providing, In 


of polarized light from th 
one and the polarized halo 
the task area 102 at th 
will now be obvious that 

ees will be refracted into the 
ery high contrasts will result, as 
b, Fig. 12b 


flected as beam 106, at angles 


Also any residual 


will be r 


on equal to about 57 degrees. and thus 


ontact with the observer's eve at 105. 


up reflections mostly at 25 de 


at a spe ‘ifiec task area 102, 


Figure 14. Appearance of multilayer 


polarized ceiling halo effect and the 
angles involved with reference to the 
25 degrees 


average viewing angle of 


for a task, showing how angle of inci- 
dence of 57 degrees results in a reflec- 


tion outside the viewing angle of 25 
degrees, thus reducing specular glare, 
apart from the total refraction phe- 


nomenon. 


Prismatic Control with Polarization 


Suitable prismatic control applied in conjune- 


tion with multilayer polarizers can provide a con- 
entration of polarized light at the desired angles 
on the working plane, with resultant increase in 


visual performance, contrast and color saturation. 


Summary and Conclusions 


1. Multilayer polarizers are uniquely adaptable 
to providing general and specific polarized lighting 
because of the following characteristics : 

a) Radial polarization. 

b) Reflux polarization action yielding a high 
efficiency in the conversion of ordinary unpolar- 
ized light to polarized light. Tests showed the effi- 
iencies achieved to be comparable to those achieved 
with commercial diffusing panels. 

¢) Low ceiling brightness tests showed a useful 
transmission cut-off between 70 and 90 degrees tor 
the multilayer polarizing panel. 

d) Reduction or suppression of light trans- 
mitted at 0 to 45 degrees. 

2. A new 
trast is deseribed 


with black and white matte and black and white 


apparatus for measurement of con 


see page 129 Tests were made 


semi-gloss newspaper 

43. Theory and tests show contrast always to be 
greater with polarized light at all angles of inci- 
dence, reaching a maximum at or near Brewster's 
angle. The polarized 


light is related to increase of visual acuity and to 


contrast with 


increase of 


increase of perceptual threshold, as well as to 
improved color perception. 

+. Data are presented on percentage of polari- 
zation and intensity vs. angle, with the multilayer 
flake glass panel (see page 128 

5. Data are presented on intensity and zonal 
lumens vs. angle for a 20-layer multilayer plastic 


polarizer (see page 129 
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Figure 15. Candlepower rs. angle in degrees for a 16- 

layer multilayer plastic polarizer in a two-light troffer, 

supported between glass (18 layers total), compared to 

the unshielded troffer and to the same with a standard 
frosted glass panel. 


6. Further tests and theory show that the distri 


bution characteristics of both the intensity and 


percentage of polarization vs. angle of incidence 


eould be controlled by varying the number of lay 
ers and their relative index of refraction 
haze everywhere witl 


7. Presence of veiling 


ordinary unpolarized light is discussed, and the 


Figure 16. Zonal lumen distribution for the data of 
Fig. 15, showing comparison for a 16-layer multilayer 


plastic polarizer supported bgtween two glass panels, 
compared to a standard frosted glass panel. 
; 


4 
. 
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reduction of veiling glare with polarized light is 
established. 

8. The “polarized halo ceiling” effect is dis- 
cussed, and its application in elimination or reduc- 
tion of specular glare from the viewing task is 
demonstrated. 
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Errata 
Philip F. 
Edward 


12, page 678 
O’Brien’s discussion of paper by 
Linforth 
The term F? (1— ,) in the denominator of 
should read F (1—p;). That is, 
is not squared 
affected 


Table A are 
Equation (2) 


Equation (2 
the term F 

Several values in 
slightly by this correction of 
The changes are not significant and do not 


change the sense of the discussion 
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NATIONAL ENTRY 
CLASS II 








Cross-section of center bay and two side bays. 


Y 
4 


Three luminaires bolted together and perimeter coves. 


136 


Bank of Farmville 


REQUESTS by bank directors for re-lighting 
programs are often accompanied by the stipulation 
that, in modernizing, no change be made in the 
period architecture. So it was at the Bank of 
Farmville (Farmville, N. C., pop. c. 3000), con- 
structed in 1920. The building, of reinforced con- 
crete, has a 21-foot ceiling height and massive beam 
construction. Sealloped cornices embellish the 
soffit perimeters and marbleized surfaces are used 
for columns and tellers’ counters. Skylights in the 
ceiling provided little in the way of illumination 
and west wall windows contributed mainly glare 

An early decision was to cover the skylights with 
wall board matching the adjacent ceiling. Soffits 
in the center bays are about 18 inches deeper than 
those in the side bays. This meant that there was 
no method of wiring to a center suspension except 
on the surfaces of the ceiling. On the other hand, 
the depth of the side-bay soffits made mounting 
supports a problem. 

Coves were chosen for the center bays, to be 
level with the side-bay fixtures and to serve as 
wiring troughs for them. Fixtures in the side bays 
provide downlight from three 2- by 4-foot plastic 
shielded luminaires strapped together with channel 
iron. Four side sections of polished aluminum cove 
are bolted on and corner plates added, to give a 
composite fixture of 5 by 7 feet. The perimeter 
coves in these units provide the necessary uplight 
to highlight the cornice detail, as do the coves in 
the center bay S. 

A section of the false ceiling in side bays was 
cut away enough to permit a workman to get at the 
concrete slab above to secure the hanger rods. A 
one-piece canopy, of 28 by 40 inches, was then 
fabricated locally to cover the ceiling openings 
Lock-nuts on the hanger rods support the canopy 

Each luminaire section uses four fluorescent 
lamps above the plastic shielding and each cove 
section uses two. Illumination level in the lobby is 
60 footcandles. 

The original chandeliers, with diffusing bowls, 
were retained, keeping the flavor of the architec 
tural design. The iron cages around the tellers’ 
positions were removed and columns were repaired 


and re marbleized. 





Coy C. Jordan, Carolina Power & Light Co., 
Raleigh, N. C., tied for first prize in the Southeast- 
ern Regional Contest for MMILJ, having placed 
first in the Tar Heel Section 
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George H. Stickney Dies —1IES Charter Member 


George H. Stickney 


George H. Stickney died Friday after 
noon, December 19, following a short ill 
ness at his home in Daytona Beach, Fla 
He was 86 years old. 

Mr. Stickney, 


“Unele 


affectionately known as 


George” by lighting engineers 


throughout the world, was for many the 


“dean” of the illuminating engineering 


profession. He was one of the founders 
of the Illuminating Engineering Society 
Member. When 


was established in 


in 1906, and a Charter 
the IES Gold Medal 
1944 as the top honor in illuminating en- 
Stickney 
its first recipient. 

Mr. Stickney at one 


gineering, Mr. was chosen as 
time or another 
had been a member of most of the So 
ciety’s committees, and served as Presi- 
dent of the Society in 1917. 

Mr. Stickney 
ae 


Cornell 


Buffalo, 
1872 and was graduated from 
1896. He 


the General Electric Co. at Schenectady 


was born in 


University in joined 
in that year and for the next forty-one 
years devoted his career to the develop 
ment and science of electric illumination, 
A pioneer in the development of light 
sources and their application, Mr. Stick 
ney is credited with the design of the 
radial wave reflector for street lighting 
in 1906, the first semi-direct fixture for 
the incandescent lamp, and the creation 
of the first systems of floodlighting, in- 
Niagara 


cluding the illumination of 
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Falls. He did 
photometry 


much original work in 


and in the design of are 
lamp equipments at both the Lynn and 
Electric. 
He became a consulting engineer for the 
Nela Park 
the company in 
1937. 

For the 
retirement, Mr. 


Schenectady plants of General 


Engineering Department of 
1930, and retired in 


twenty-odd years since his 
Stickney 
much-sought advisor in the industry, and 


in the affairs of the Society. He con 


remained a 


tinued active on several IES committees, 
and was a familiar figure at all Nationa! 
Technical Conferences until 1958. 

In addition to his work with IES, Mr. 


(current 
ly Honorary United 
States National Committee of CIE, and 


Stickney was a Past-President 


President) of the 


a member of its Executive Committee, a 
Institute of 
member of the 
Advance 
ment of Science, and a member of Kappa 
of Sigma XI 


his sons David W., 


Fellow in the 
Electrical 


American 
Engineers, a 
American Association for the 
Sigma, honorary society 
He is survived by 


of Lake 


Paterson, New J¢ rsey, and David's three 


Forest, Illinois, George Jr., of 
children. 

Plans are underway by the Historical 
Committee of IES leading to the estab- 
lishment of a Memorial Fund for George 
H. Stickney, possibly to support a suit- 
able 


memorial of that nature. 


memorial library or other service 





George Stickney — Pioneer Educator 


In the passing of “Unele George” 
Stickney, the 


a Founder Member of the 


lighting fraternity has lost 
Illuminating 
Engineering Society, and a distinguished 
lead 


ership was invaluable in his earlier activ: 


Past-President whose inspirational 


years. His dedicated voice of hope and 
prophecy is 
The 


serves the 


recorded for pos 
Historical 


happily 
terity. Committee pre 
dise record of 


talk to his 


probably his 


last formal great host of 
friends! 
characteristics for 


Among the many 


which George Stickney will be long r 
membered, I regard his achievement as 
a pioneer educator to be the outstanding 
one. As a young engineer he had moved 


from Lynn, Mass. (where he developed 
the practical use of the sector dise in 
the photometry of chiefly street lighting 
units in W. D. A. 
oratory) to the Edison Lamp Works of 
Harrison, N. J. 


There he set up lighting demonstration 


Ryan’s lighting lab 


General Electric, at 
rooms and gathered together a group of 
young men whom he inspired and taught 
to later become leaders in the blossom 
ing illuminating engineering profession. 


Among these were such pivneers as Al 


Fox, F. J 
Harrington, 
Oday, Archie 


Scotty 


Powell, Larry Porter, Ed 
Summers, Ed 
Rademacher, Art 


Freeman 


Gray, Jack 
WwW. H 
Bell, Turner, 
Henry Schroeder, John Kurlander, R. W. 
Peden, Sheldon, R. B. 
G. F. Prideaux, Bill 


and Roy 


Barnes, 
Carew Kellogg, 
Hadaway, Greiner 
all these and still other good 
men (and some remarkable women) who 


have earried forward the fundamental 
virtues of ingenuity, exactness and hon 
that 


tions of George’s Quaker principles. 


est engineering were the founda 


These men were authors of a series of 
lighting Bulletins that were exceedingly 
general 
Such bulletins or booklets 


popular during the 


1920-1925. 


pe riod of 
there were several dozen—specialized in 
much of 


fundamental 


“practice methods,” and their 


contents remain “gospel” 


even until today! 

Further back, this teaching method of 
“how-to-do-it” booklets had be 
sulletin No. 1, 
1907, describing the Engineering Depart 
ment of the National Electrie Lamp As 
Cleveland. That 


five ineandescent manufacturers 


issuing 


gun with January 14, 


sociation, in group of 


lamp 


Continued on page 9A) 
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Here and There 
With 1.E.S. Members 


New Orleans Section Joint Meeting 
with architects and consulting engi- 
neers featured 1.E.S. Technical Direc- 
tor C. L. Crouch (see photo below), 
speaking on the Blackwell studies. 


Head table at the New Orleans meet- 
ing (photo above) shows, from left to 
right, Walter T. Faber, past Section 
Chairman; Mrs. J. M. Gensburger; 
J. M. Gensburger, South Central Re- 
gional Veep; Mrs. George Segal; 
George Segal, Program Chairman; 
C. C. Kleinschmidt, Section Chairman; 
Cc, L. Crouch, LE.S. Technical Direc- 
tor; Mrs. George Schroeder and 
George Schroeder, third prize winner 
in Class I of the 1958 MMILJ contest. 





in selling the new recommended levels; F. H. Martin and 


Speakers at recent Southern California Section meeting 
F. W. Weymouth, who spoke on various aspects of color. 


were, from |. to r., Bob Clubley, who discussed problems 
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Continued from page 7A 


(which soon grew to 19 distributed 


some 3000 copies of that bulletin. 


By the autumn of 
Now under the 
of the National Lamp Works of General 
Electric, Holo 


this 


1913 the popularity 


grew apace. masthead 


plus two subsidiaries 
phane and Tungstolier Companies 
was established for 
ight 


method of education 
both professional and lay users of 

One typical Bulletin, No. 7 of June 1, 
1907, that 
One 


provided illumination data 


was “the bible” for several years. 


leading illuminant described was the 
tantalum lamp, burning nearly 600 hours 
at 2 watts per candle, price 54 cents. 
Neariy 60 
Cleveland 
which the publication died away. 
But the Stickney 


had 
before, 


issued (in 
1929, after 


bulletins were 


, up to October 
group at Harrison 
still exemplified, ten 


this 


further years 


just how dissemination of 


knowledge was to advance lighting prac 
tice immeasurably 


Concurrently issue of these 


with the 


publies there was the famous 


tions 


“Lighting Practice Committee,” that met 


three or four times annually, and where 
the footeandle standards plus many other 
Mazda 


Stick 


practices were settled upon by 


and licensed lamp makers. George 


ney for many, many year ts con 
scientious chairman 


Thus i 


literatur 


pioneering manufacturer’s 


vas spread abroad, « stablishing 


the lighting standards and met! : of 


this youthful industry and as Une 


George’s voung scientists earried torches 


of learning far and wide the practical, 


science of illuminating engineer 
to maturity 
gthening shadow 
s gently across 
memories 
The first sentence of Ge 


Stickney’s should 


epitaph 
pioneering practices of 
th prophetie imagination 


inspired voung leaders of 


‘orthright 


Two-Part Lighting Course 
Offered Concurrently in Montreal 


lesigned to 
Illumination | 
ekground neecessar 
offered jointly 
IES and the 


being 
Toronto Section of 
Extension Servie 


sitv of Toronto 


eourses are intended for those 
illumination design 


work 


tained in Illumination I is 


oncerned with 


their day-to-day Material 


regards 1 
background for Illuminatior 


II, which will be offered 


necessary 


igain next vear 


FEBRUARY 1959 


Topies and lecturers are: 


Illumination I 


nuary 6 Nature and Production 
— Miss M. G. Currie 


January 13 Vision The Eye 


Ja 


Ogilvie 
January 20 Vi The Task 
Ogilvie 


January 27 ghting Terms and 
Illuminat I Davidson 

February ; € . G 
son 

February 10 ar 7 ¥ Illumination 
Brightness Calculation Prof 
derson 

February 24 Control of Light 
hoff 

March 38 llumination for Seeing 
and Quality H. I 

March 10 , 


Jones 


Davidson 


Illumination II 


Basic Lighting Design Miss 


Basic Lighting Design Prob- 


January 14 
Miss M. G 
Wiring J 
Problems J 


lems Currie 


January 21 Chisvin 
January 28 
February 4 
Quan 
February 11 
February 18 
H. F 


February 25 Brightness and Glare 


Wiring Chisvin 


Lighting Economics Bruce 


Architectural Coordination 
Daylight 


Davidson 


Design Principles 


Davidson 
March 4 Problems Involving Vision 
Levels of Miss M. G. ¢ 
March 11 Light, Colour and Human Be'ngs 


Illumination irrie 


Classes are being held in the Engi 


neering Building of the University. Be 
eause of the plaeed on 


hoth 


emphasis open 


discussion, enrollment in courses 


has been limited to 40. Course director 
is Miss M. G. Currie, Department of Ap 
plied Physics at the Norman 
Bethune of the Toronto Section is Chair 


of the 


University. 


man committees Fee for each 


eourse: $15 





Symposium to Highlight National Lighting Exposition 


Theme is “New Dimensions for the Footcandle”’ 


One of tl imulating events in 


iny industry is round of experts to 
trends, current how 


and 


the ndustry’s 


diseuss 


practice, 
be applied, how it may be of 
practitioners 
n opportunity is oc 
National 
Exposition, t d at the 
New York ~ on March l 


addition exhibits 


urring in 


connection wi the Lighting 


pments, the 


1scussions 


y pract 


Exposition 


ithir 


ions 


Monday, March 2 


Where Are We Going in Lighting 
Moderator, ¢ M. 


Office 


Lighting 
Mode g 


Street and Highway Lighting 

Moderator Mas 
gineer. ( 

Pane Joseph 

Commissioner 

Roads; Bruce 


ect ( 


Light Architecture 

Moderat Burton Holmes, Editor, Progres- 
sive hitect New York, N. Y. 

Panel cell Consultant 

New York ; William 

A rchite« = 


Lighting 
Zeckendorf, Jr 


Tuesday, March 


Institutional Lighting 
Moderator, Kenr 
‘or ? ts 


tan 


Pane S 


Lighting for Selling and Color 
Par Mor Ketchum. Archit 


to? 
Polarization — Its Relation to Lighting 


The Blackwell Report 


Wednesday, March 4 


New Ideas and New Techniques 


in Residence Lighting 


Industrial Plants and Factories 


Laaghtina Vews 








“I'M NO ARCHITECT OR ENGINEER, 
BUT | DO KNOW THIS — 
SMITHCRAFT LARGE ELEMENT 
LIGHTING IS THE 


BIGGEST THING THAT'S HAPPENED 


IN THE LIGHTING INDUSTRY 
IN YEARS!"’ 





“"| HAVE BEEN ASKED TO SAY 
A FEW WORDS ABOUT 
NEW SMITHCRAFT LARGE ELEMENT 


LIGHTING 





A “FLOATING” CEILING. 

With five different sizes of units 

a wide variety of areas and 

patterns are possible. Modules have 
exact dimensions in both directions. 


suffice to say, it's the easiest 
big fixture to install 


on the market!’ 


ANOTHER SMITHCRAFT FIRST! 


Smithcraft Large Element Lighting 

«+ @ large area luminaire with POWER-GROOVE Lamps! 
For more effective high level illumination in 

department stores, offices, laboratories, etc 


large element 
lighting 


The “big idea” in lighting — to fit your own big ideas for the new and 
different in modern architectural settings! Simplified planning .. . with 5 
sizes Of preassembled modular units from 4’ x 4’ to 8’ x 6’. Modules 
are installed individually or joined in both directions, to provide the 
effect and the utility of dropped ceiling construction at low cost. High 
level illumination, architectural in form functional and unobtrusive. 
Shielded by Holophane Controlens® 76024, Cubex aluminum 
¥2"x2"x'2” louvers, Plastic louvers, or Polystyrene Plastic dishes 
Fast, simple maintenance and re-lamping 


Write today for the Smithcraft Catalog 


Smithenaft: lighting CHELSEA 50, MASS. 





New York Coliseum, the site of the Nation 
Exposition, March 1-4, 


il Lighting 
is appropriately itself an example of 
how lighting is now being used to complement the architec 
tural designs of important buildings. A total of 118 300-watt 
PAR56 reflector lamps, is mounted along the top of the 
marquees, aimed at the flat-surfaced facade. Each lamp is 

losed in a cast custom-made aluminum housing, accord 
to specifications from lighting consultant Abe Feder. 
The weather-proof fixtures are equipped with correcting 
lenses and may be adapted with color filters for special light 
ing effects Photo and data courtesy of The Simes Co., 
College Point, N. Y 


é ommittee, conducted ind work of airport visual aids, and Dr 
Outdoor and Recreational Lighting ! resday ssions, when Dr. R. H. H. Richard Van Saun discussed the 


the Research and De physiological and psychological factors 

if the Federal Avia and their effect on a pilot. L. C. Vipond 

explained the set-up of discussed the FAA’s research and devel 
ition, and the study of opment program 

ests being conducted Sessions were also devoted to the 

Theatre and Television I he ersity of California 


vari 
ous operational agencies’ needs. 


the problems Lighting News continued on page 154A) 


Aviation Ground Lighting Committee 
Meets in Bangor, Maine 


\ 


Bangor Daily News 
AVIATION Ground Lighting Committee and guests in Bangor, Maine, 1. to r.: 
Dennis Bull, assistant Air Attache of Great Britain; Major Kjell Lagerstrom, 
assistant Air Attache at the Swedish Embassy; John P. Wilson, chief of the 
Electrical Engineering Department of the Canadian Air Transport Services; 
Martin A. Warskow, Chairman of the IES Aviation and Signal Lighting Com. 
mittee; R. J. Stefany, Chairman of the IES Ground Lighting Committee; Dr. 
H. R. Van Saun of the Research and Development Board of FAA; and Col. 
George W. R. Zethren, commander, 4060th Air Refueling Wing at Dow AFB. 
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Sabre by Miller is a fresh, exciting approach to 
the design concept of on-the-ceiling fluorescent 
: lighting. Here, shallow depth and sweeping lines | 
blend to enhance the appearance of any in- 
terior. Styling, comfort and high efficiency meet 
the needs of modern stores and offices — com- 


mercial interiors of all kinds; schools, too. 


nething Really Different in Fluorescent Lighting 


Sabre's carefully engineered, one-piece wrap- 
around refractor of prismatic, crystal-clear 
plastic provides added sparkle, and excellent 
brightness control. Viewing is comfortable from 


all angles. Maintenance is easy. 


PNile Milt Meelaliel-Meeeliuleliilelileli Mel Mei-telitle-t Meet) 
at a truly popular price. Discover today, how 
the new Sabre can help solve your specific light- 
ing design needs. Write Dept. 958-A, The Miller 


Company, Meriden, Conn. for. complete catalog 





formation, or contact your Miller Representa- 


for a physical demonstration. 














get both aleve) 


lighting with this new Lenslite 


From Corning 
a new Tempered 
Corridor Lenslite 


This new Corning Tempered Corridor Lenslite 





is both rugged and versatile. 

Tempered for heat and impact resistance, it’s 
three times as strong as ordinary annealed ware. 
You can use it indoors or out—with lamps to 
300 watts—without fear of breakage. 

With its unusual light distribution—two beams 
along a corridor plus supplemental side-wall 
illumination—you'll find it just right for use in 
lighting of corridors, aisles, entries, display 
areas, library stacks and storage bins. 

You get this double-function lighting by using 
the Corning No. 543021 Tempered Corridor 
Lenslite with the C-201 Specular Alzak Reflec- 


tor. Designed to operate as a unit, Lenslite and 


14A 




















Optical system consists of double-function Corning No. 543021 


Corridor Lenslite and C-201 Specular Alzak Reflector. 


Reflector provide economical illumination, since 
you can space such units up to two times the 
mounting heights, and install in corridors where 
the width may be as much as 1% times the 
mounting height. 

Why not put this new Lenslite to work in 
your next job? Get all the facts by sending for 
Bulletin L-120-M. Write to Lighting Sales De- 
partment, Corning Glass Works, 61 Crystal 
Street, Corning, N. Y. 


RESEARCH 


N 


Tempered 


GLASS 


a CORNING GLASS WORKS 
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continued from page 12A 


Round-up of 
Milwaukee Section Activities 


What with lighting courses, extension 


meetings, study clubs and, of course, 
reguiar 
Milwaukee 


course to a monthly 


monthly Section meetings, the 
Section of IES has had re 
newsletter to 
its members informed on all that 
This newsletter 


ing on features 


endar of coming events, profiles of 


inent Section members, news 


changes in position, listing of 
tion members, and informatio 
tistics on the Section’s relation 
national LES picture 

One of th etivities recently 
in was e me i of the Gree 
Study Club, sponsored by the MASTER of Ceremonies, I. 
last November. Attendance at the 
was 85 and at the 
115. Cl 
W Peterson of Green Bay, and 


Church and W 


ensuing meeting 


airman of the 


Session Was 


EE! Sponsors 
Student Architect Competition 


nt activity was the Light A desi competition for architectur 


speakers were Eric H. 
liam Kulnke 
Another rece 
ing Fundamentals Course, reported on ir tudents i eing sponsored by the 
December IE, in which 63 


pleted the series of eight classes. Thos 


students con Institute, with part 


aced on the 


lighting, 


participating included contractors, union t © provisio! for 


members, architects and engineers house can 


: i should be 
future include an exter and hould | 


Appleton, Wis., 


time in April, for a tour of a paper 


Plans for the 
s10n meeting in some 
in the Fox River Valley Topic for the 


meeting following the tour will be Indus 


INSTRUCTORS in the Milwaukee Lighting Fundamentals course were, |. to r.: 

front row, R. J. Present; R. R. Cheney, W. C. Kuhnke, I. L. Illing, W. A. Heth, 

W. L. Lowell; back row, C. N. Laupp, E. H. Schaefer, G. E. Dolan, E. H. Grieb, 

E. Schnoll, M. H. Bruesewitz. Missing from photo: T. B. Dustin, 5S. 
F. W. Williamson and W. B. Kennedy. 


Gellman, 


FEBRUARY 1959 


L. Illing, congratulates the “graduating” class at 
last meeting of the Milwaukee Section’s course on Fundamentals of Lighting. 


British IES Holds 
Golden Jubilee Dinner 


On Mond Februar ) members of 
British LES commemoration 


Restaurant, Pie 


USSR Industrial Lighting Code 
Made Available in Translation 


lone 
eooperat 
er which the 
eproduction is divides 
cribers who order 
onths of the date 
t t the 


sent ou i 
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Arrowhead Chapter — 
Now Officially No. 84 


W 


from 


is 


i maximum of 


subseriber 


i the desh of the 


not » Society 


far insure 


will such as ours it would be 
pinpoint any specific phase of 
How 
look 


technical activities for a constant 


ts operation as most important. 


being a technical society, we 

of information to be disseminated 
ys 

To 

had 

76 


members 


Vice-President, at 
stated that 


Committees 


“ik 


as 
August, I we 
rechnical with 


ttees. There are 696 


committees. Consider 


thes« 


things committee meetings, 
presentation of 
is likely that 
devoted 
ba 


by 


as 


ion oF reports, 


time, 


ete., it 


to 


0 man-hours are 
this 


“donated” 


etivity On is, 


an 


$100,000 is con 
This 


operation 


members to our Society. 
behind-the-scene 
ttle “publie” or 


1a the 


recognition 


trical production, 


“star” performers and a 
} 


whose names becomes 


circles as well 


[ES 


ison or 
neludes 


Indust? 


CHARTER presentation is made by Jim Barnes, South Pacific Coast Regional 


Vice-President 


Board of 


Managers members Ken Matsuoka 


I 


(right) 


” 


hting 


j 


Arrowhead Chapter Chairman Gordon Burgess, as 
John Gorham and C, G. Dahlgren 


to 


look on approvingly. 


Vews 


Sales 


pesident a 


of 


American 


importance 
great The 


true value of our recommended practices 


thus set “standards” real 


to a enterprise. 
eannot be estimated, but many thousands 
of of 
capacity, reach 
the work from our technical reports. 
The studies of our Technical Commit 
of de 
field 


these 


lighting, in whatever 


of 


specifiers 


millions people with 


scientific 
the 
of 
those most 
Dr. Black 


(footeandies 


tees include the review 
researching in 
Many 


but 


velopments and 
of 
could 


lighting and seeing. 


be mentioned, 


notably before us are from 


well on specific quantity 
required for seeing tasks and Professor 
the effect of re 


flected glare on vision. These researches 


Finch on detrimental 
set many committees to working to pro 
the of 
the 
be 
preparation and 
presentation of talks, both 
a technical and in a popular vein. 
These are but a few things of which 
are the of 
Committees performing 
and d to 


that as President I am 


vide published material for use 


and eventually to 
This 


the 


our members 


“using” public information 


comes of value in 


articles and 
in 
we proud in function our 
Tee hnical 


their 


for 
liga 


May | 


still seeking members who are 


ob tions uties our So 


ciety say 
interested 
If 
would you so 
IES Head 
simple 


to 


in serving on Technical Committees. 


vou have such an interest, 


idieate by 


writing to me ai 


We wi 


quarters. send you a 


to fill out and will try 


juestionnaire 


1e¢ you on committee suitabl to 


your best interest 


Georce J. TAYLOR 
IES President, 195 


, 158-1959 





BOUT PEOPLE 


Peeeeeeeeeeeeeeeee PPreeerrr rrr 





George J. Taylor, [ES President, has 
Vice- Pre t and Director 
created Re 
Light 


Tay lor, 


been named siden 
Research newly 
eh Departme of Day 

t A 


Im Louis, Mo. Mr 


issumer his new position in 


Brite 


who sddi 


Vi 


Ope rations 


in 
the 
office 
Amick, 


1955, 


President 
istern for 
ive his 


Since 


President, 


ontinue to hi: 

Charles 
Brite 
Acting Vic 


serve 


Day 

most 
Departme as Exeeu 
Director of i esearch Depart 
Mr. Ami ay-Brite 
the General Electric C ‘ela Park 


vith the 


from 


(lso 


e22A 
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DESIRE TO PRODUCE QUALITY 
COMES FROM THE HEART 


Producing high-quality lighting 
equipment begins in the HEART! Here 
lies the deep, honest DESIRE to 
create, to design, to engineer, to build 
better fixtures and better lighting 
control devices. 


We at Guth are obsessed with that 
DESIRE! 


Our greatest satisfaction is to produce 
good, honest-quality luminaires that 
will please the user for years to come 
—to see our dream ideas become 
reality through dedicated ‘‘all out'’ 
efforts in which we've given freely 

of our energy, time and brains. And 
then to ship and ship on time—that 
tops it off! 


It all comes from our HEART! 


OPEN HERE... ste HOW GUTH DESIRE WORKS FOR YOU! at 
LIGHTING SINCE 1902 





DESIRE TO 
CREATE 


ideas are the “‘life-blood” asin ' 
igh i SLIMFIN Tt 


of our business. We never 
stop thinking, experiment- 
ing—striving to create 


sity lighting with extremely low bright- ... the latest result of Guth's desire 
ness. %” cubes provide 45° x 45° create! A brand new slim fixture wi 


new and better lighting shielding. As complete ceilings, or in ““fin-wings"’ for ceiling-glow and ex 
devices. A few of the many fixtures, they create great beauty. ing decor. 


Guth-created “stars” 


DESIRE TO 
DESIGN 


In every Guth Fixture, you 
see the result of Guth's 
desire to bring forward- 
looking design to lighting. 


DESIRE TO SPECIFIC LIGHTING JOBS 
ENGINEER Light beam Projection boards are utilized 

to accurately engineer reflectors for specific 
The result of Guth's lighting requirements. Strips of bent alum- 
dedication to creative inum establish exactly where beams will be 
reflected. On the basis of these reflection 
detail of Guth lighting factors, full size models are formed. 


engineering is seen in every 


equipment 


DESIRE TO 
BUILD 


Guth is always looking 
for better production 
methods. . . regularly 
and constantly investing 
in advanced machinery 
and material handling 
devices .. . seeking to 
deliver higher quality at 
lower cost 


BE SURE TO SEE THE BACK 
ee el 


® 








LIGHT OUTPUT, G SS 
AND TEMPERATURE CONTRC 
Every fixture and shield is test 
to make sure brightness lev 
and light output meet 
Quality standards for eye cc 
fort and efficiency. Heat tests « 
sure long ballast life and saf 
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BRASCOLITE® | 

.a@ complete new line—rounds, 
squares, recessed, pendants— all years 
ohead in beauty and performance— 
with crisp, clean designs, high quality 
materials and efficient, permanent 
ALZAK reflectors. 


FLEXIBILITY 

Guth Lite-Blox Troffers are engi- 
neered to fit 83 ceiling suspen- 
sion systems! Many fixtures are 
engineered to accept a wide va- 
riety of bottoms ...and for other 
variations which make them 
adaptable to specific jobs. 


PRISMOID GRATELITE** 
reversible louver-lens 

. creates a panorama of ever- 
changing light patterns when viewed 
from different angles. It's reversible! 
Apex down, it sparkles, twinkles-—and 
delivers 88.6% efficiency. Apex up, 
it delivers 86.1% efficiency with eye- 
easy brightness comfort. Available in 
many Guth fixtures. 


WYTELINER® INDUSTRIALS 

The very latest in industrial luminaires. 
Completely re-tooled for new Power 
Groove, HO, VHO and SHO lamps .. . 
13° and 27° shielding... 10% and 
25% uplight. Available with louvered 
and diffusing bottoms—in Baked-on 
White and Alzak finishes. Also, all new 


*®U. S. Pat 


RLM Porcelain enamel line. 


2,745,001 Can. Pat. 1957, 538,245 


**®U. S. and Con. Pats. Pend 


mae 


UNSEEN QUALITY 

This intricate part is completely 
hidden—by sides and end plates 
—yet here is an engineering tri- 
umph. Weeks to design...months 
for die making...this precision 
engineered ‘‘heart'’ creates 
added strength, durability and 
long life in the new Guthlite, Jr. 


"a 


) 
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TU. S. and Can. Pats. Pend 


STRENGTH 
8-foot Guth fixtures will hold 
a heavy man without sagging. 
Constructed of heavy gauge 
steel and aluminum—then 
ribbed and reinforced for extra 
strength ... they're sturdy and 
solid to ‘‘stand up"’ on the job. 


<a 
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DESIRE FOR 
QUALITY 
FINISHES 
Guth uses the finest 


materials available — 
at no extra cost to 





the user! 


: LIGHT 
ENGINEERING 
DATA They know the lighting busi- 
Guth goes all out to provide data you ness inside out. They're fac- 
need to predetermine the lighting job tory trained specialists — 
... in convenient, easy-to-read form. fully qualified to assist you. 


CP 


_ 


DESIRE TO . 
SERVE CAREFUL ad . 

The folks at Guth are ORDER HANDLING IN CORRESPONDENCE 
dedicated to the idea that When your order arrives—ACTION Need info? A letter or wire 
HIGH QUALITY SERVICE STARTS! It's processed immediately brings it quick. No piles of 
is just as important —and followed up all along the unanswered letters on the 


as HIGH QUALITY lighting line to make sure it's right. desks at Guth! 
equipment! 


CAREFUL 
PACKAGING 


A PROMISE 

1S OUR BOND With heavy-duty cartons engi- 
If we cannot ship your order TO- neered for each fixture. They 
DAY, we'll tell you so—in advance. fit! No breakage in transit. 
Once we give you our promise, you Every part you need is there. 
can count on it. You save time and labor. 








QUALITY LIGHTING FIXTURES SINCE 1902 











Progress /s Our Most Important Product 


GENERAL ‘36 ELECTRIC 


“Alone just me and my question which lamps to buy. 


All look about alike but | keep remembering what past 
experience has proved to us about General Electric Lamps 
That 999 out of 1,000 are sure-starters and 99 out of 100 
will still be burning in 1961. And happy thought! We pay less for 
a case of G-E Fluorescent Lamps today than we did in 1950!" 
DECISION: ‘‘Why gamble on performance when | can get 
G-E Lamps at little or no premium in the purchase price.”’ 


Genera! Electr Large Lamp Dept 105, Nela Park, Cleveland 12,0 











SECTION and Chapter officers in attendance at the Southwestern Regional 
Organizational meeting (see story, January IE, p. 9A) were: Front row, left to 
right, Harold W. Powell, Panhandle; George H. Simpson, San Jacinto; John B. 
Deck, Jr.. Regional V-P; M. H. Perkins, Ark-La-Tex; E. L. Cole, North Texas. 


Back row, W. T. 


Kimery, 


North Texas; Ken Hightower, Ark-La-Tex; 


Don 


Copeland, San Jacinto and Russell Trainick, South Plains. 


format ' of the new department ars 


Murray L. Quin as Senior Director 
Richard D. Bradley 
Milton 


Engines 


Technica Dire« 


Buzan as Manager of 


Advance 


ring 


Robert E. 


Lewis has been ele 


iouncement 
Board of Directors 
formert\ senior 
firm succeeds Don 
continue as Chair 
This follows the pro 
vivania into General 
is contemplated that 


wi becom« President of 


company, to be known as 


one and |} 


ectronics ( orp 
ie Lamp Division has an 
ippointment of Richard F. 
director of ] 


Townsend commercial en 


irge ineandes 


} 


Virden, Jr.. president of 
’ leveland, has been 
Home 


Stanley A. 


the Americar 

fer 19059 

Framburg, H. A. Framburg & Co., and 
Max Shemer, Esty Manufacturing Co., 
both of } igo ver lected as vies 


eleeted 


were ¢ 
und Ted Cox was re 


president 
director. New members of the 
A. M. 


Produets 


managing 
nine- man Board of Governors are 
Rosenblatt. Glob 

Jack Goldberg, Jay 


Lighting 
Lighting Mfg. Co.: 
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Mfg 
Lightolier, Inc.; 
Mfg 


Progress 


Eugene Berman, Leader Lamp 
Co.; E. H. R. Blitzer, 
William Epling, Prescolit« 


Rosen, 


Corp. 
Mfg 


Insti 


and Maurice C. 


Lo Elections took place at the 


annual membership meeting in 


New York City 


tute’s 


in late December 


N. Y. has 


managers to 


Crouse 


Hinds Co., 


divisional 


Syracuse, 
named two new 
fill the vacancies left by the retirement 
of the two former William 
R. Major, Jr. has succeeded Harry D. 
Rei as head of the Southeast 
George B. Jamison has taken over in 


managers 
Division ; 


the Gulf Division, replacing G. G. Grif- 


fin. Both new division managers hav 
been with Crouse-Hinds for several years, 


Major 
1944 


in Various capacities, Mr sinc 


1946 and Mr. Jamison since 
Thomas Fuller has been elected vie: 


president of Thomas Industries, Inc., 


Louisville Ky., 


announcement. Mr 


according to a recent 
Fuller will continue 
to serve as sales 


general manager for 


the company, a position he has held for 
three years 

Edwin D. Tillson, Evanston, Tl., con 
tinues in his practice as an independent 
consulting engineer, with Appelton Elec 
as his newest client. An item in 
the December issue of IE 
indicated that Mr 


practice and was 


tric Lo 
erroneously 
Tillson had given up 
his private working 


solely for Appelton 


A. M. Swassey, General Electric Co., 
Hendersonville, N. C. has 


been elected 


chairman of the Aviation Ground Light- 
ing Section of NEMA for 1959, accord 
ing to a recent announcement. Also 
elected were E. B. Karns, Westinghouse 
Electric Corp., as vice-chairman and J. S. 
Haney, Crouse-Hinds Co., as chairman 
of the general engineering committee 


Inland Glass Division of the Club 
Aluminum Products Grange 
Park, Ill. has announced the promotion 
of Charles E. Anderson to sales man 
industrial glass 

moves to this 


Co., La 


ager for lighting and 
products. Mr. 
newly-created post from the position of 
assistant sales manager for lighting, in 


dustrial glass and giftware. 


Anderson 


Quadrangle Manufacturing Co., Chi 
eago, Ill., has announced the signing of 
two new sales representatives: Roy L. 
Clinton, for western 
Pennsylvania and West Vir 
ginia, and R. E. Madigan, Brookfield, 
Wis., for Wisconsin and the upper penin 


sula of Michigan. 


Canonsburg, Pa., 
northern 


Ronald Stone has joined the execu 
tive staff of House-O-Lite 
eago, Ill. as assistant to Executive Vice 


E. P. Winkel, it 


Corp., Chi 
President has been 


announced. 


Hexcel Products, Ine., Berkeley, Calif... 
Lilly Co., William W. 


their 


has named A. E. 


Collier, president, as northern 
representatives. An 


Roscoe T. 


California sales 


nouncement was made by 
Hughes, vice-president and general sales 


manager for Hexcel 


William Thomas 


Executive 


Cavanaugh has 
Director 
National 


with 


been appointed 
Secretary-Treasurer of the 
Office 
offices in Willow Grove, Pa.. 
A. Schultz, 


tional President of the Association. Mr 


Management Association, 
it has been 
announced by F. Interna 


Cavanaugh was recently Executive Sec 


retary of the Manpower Commission of 


the Engineers Joint Council, New York 


Ekeo Products Co., Chicago, Ill, has 
announced the election of Robert C. 
Donald S, Burns as vice 
of the Both 
Ekeo or its subsidiaries 
for several Mr. Sabini is 
dent of Worley & Co., Pico Rivera, Calif 
subsidiary of Ekeo. Prior to that he was 
assistant to the president of Ekeo. Mr 
Burns is president of McClintock Manu 


Sabini and 


presidents company men 
have been with 


years. presi 


facturing Co. and Lighting Dynamics, 
subsidiaries of Ekeo in Whittier, Calif. 


Deaths 
James R. Barry, San Diego Section 
Marvin Westrick, Michigan Section 

( Lighting News continued on page 25A) 


ILLUMINATING ENGINEERING 








When price is not the main consideration 


It Costs So Little More 





DOWN LIGHT-—- TOO CONCENTRATED KIRLIN—-WIDE SPREAD — GLARE-FREE 


Low- brightness on the object you are looking at All objects to be seen are well lighted 
No brightness on the vertical surfaces Wide distribution lights the vertical surfaces 


No “Hot Spot” with Kirlin Lenses 


irlin 


. 7 
Lug 


Down lights are intended for spot 7 . eS Kirlin louver glass directs the light 
lighting—not for area lighting at an angle—uniformly 


(shown are three 150 W. units) Le (shown is one 150 W. unit) 


SALES ENGINEERS IN PRINCIPAL CITIES @ Available in many types and sizes 


@ In stock at leading wholesalers 


Th KIRLI N CO 3435 E. JEFFERSON AVE. ; 
e © DETROIT 7, MICHIGAN @ Underwriters Laboratory and 1.B.E.W. labels 
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High-foot-candle levels from recessed fixtures were required for 
Pereira & Luckman’s contemporary design of the new IBM Western 
Headquarters Building. 


___Send more information on ARGUS. 
__— Send your new catalog. 
NAME 


ADDRESS 


JMMTTES 
|HISe 
MMS 





ARGUS as it will be used in the IBM Western Headquarters Building designed by Pereira & Luckman. 
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Region 
East Central 


South Central and 
Southeastern 
Southwestern 
Midwestern 
Inter-Mountain 


Pacific Northwest 


Northeastern 


Great Lakes 





1959 Regional Conferences — |.E.S. 


Place 
Lord Baltimore Hotel 
Baltimore, Md. 
Grove Park Inn 
Asheville, N. C. 
Shamrock-Hilton Hotel 
Houston, Texas 
Pere Marquette Hotel 
Peoria, Ill. 
Continental Hotel 
Denver, Colo. 
Banff Springs Hotel 
Banff, Alta. 


Curtis Hotel June 4-5 
Lenox, Mass. 
Canadian Chateau Laurier June 11-12 


Ottawa, Ont. 
Lafayette Hotel 
Buffalo, N. Y. 


Date 
April 9-10 


April 23-24 


May 4-5 


May 6-8 


May 11-12 


May 26-30 


June 22-23 








(Lighting News continued from page 22A) 





OOKS AND 
PAMPHLETS 





Maintenance Hints, published by 
Westinghouse Electric Corp., P. O. Box 
2099, Pittsburgh, Pa. 650 pp., $2.00. 
This 24-chapter handbook is 
designed as a quick and complete guide 


revised 


to modern maintenance practices on all 
types of electrical equipment. It is di 
vided into two sections; the first 17 chap 
ters dealing with specific apparatus main 
tenance, and the last seven covering gen- 
eral maintenance of materials used in 
apparatus, such as insulation. Copies may 
from 


be ordered Westinghouse at the 


above address. 


A New Concept in Store Lighting 
Promotion, published by Electrical In 
formation Publications, Ine., 2132 For 
dem Ave., Madison 1, Wis. 

The 


eards 


four 5%- x 7-inch colored 
folder 


store 


post 
contained in feature 
lighting 
windows, 


this 
reproductions of various 
installations—store front, show 
general retail and impulse lighting. The 
series is intended for use by utilities in 
promoting better lighting. 


the back of 


A message on 
each card reminds the re 
cipient of the advantages of good light 
ing for increasing sales. Samples of th« 
eards are available from R. H. Schneider, 
Sales Promotion 


Manager, at the above 


address. 
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American Standards D10.1 - 1958, 
Adjustable Face Traffic Control Signal 
Head Standards; D11.1 - 1958, Pre- 
Timed Fixed Cycle, Traffic Signal Con- 
trollers; D13.1 - 1958, Traffic Actuated 
Traffic Signal Controllers and Detec- 
tors, published by Standards 
Association, 70 East 45th St., New 
i; a Oe 


Revisions of three important Standards 


American 


York 


by which traffic engineers throughout the 
United States buy signal equipment have 








MEMO to hotel manager: see 














just been approved. These publications, 


sponsored by the Institute of Traffic En 


gineers are among the most important 


and widely-used American Safety Stand 


ards. Copies available from ASA. 


American Standards 


C82.1 - 1958, 


Specifications for Fluorescent Lamp 


Ballasts and C82.2 - 1958, Methods of 


Measurement of Fluorescent Lamp 
Ballasts, published by American Stand 
ards Association, 70 East 45th St., New 


York, N. Y., 


American 


$1.00 each. 
Standard 


1958 


C82.1, a revision 


of an earlier standard, now in 


cludes specifications for ballasts used 


for trigger-start operation of 14-, 15-, 


and 20-watt pre-heat also 


covers ballasts having rated open-circuit 


lamps. It 


voltages of 2000 
first 


in 1950, 


’ oo 
C82.2, 


Standard 


procedures to be 


less, 


volts or 
published as a Proposed 
outlines the 
followed and precautions to be observed 
in testing ballasts for hot-eathode, con 
cold-eath 


stundards 


tinuously-heated and 


Both 


in conjunction with 


cathode 
ode fluorescent lamps 


are intended for use 


Specifications for Fluorescent Lamp Ref 
erence Ballasts, C82.3-1957, and the C78 
series of Dimensional and Electrical 


Characteristics of Electric Discharge 


Lamps. 
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At the 


Executive 


meeting of the I.E.S. Council 


Committee on January 8, the 


~ . following were elected to membership 
1958 IE. ; 
Names marked " are transters from 
Associate Member Grade, Names marked 
ire transfers from Student Member 
Grad 
ALARAMA SECTION 
i te Me 
Barle I I Alabama |! ( Atmore 
Ala 
\ A SECTION 
{ te Me 
Bennar J I ] ' I tr ( 6130 
Ca D Sud Seotteda Ar 
N A. | Ww. C. Osborn. P. Box ¢ f 
nix, Ar 
AR} SAS CHAPTER 
{ Vv } 
( . = Central |} t Supy ( 
I I ff, A 
AR} rex CHAPTEE 
Mem 
S/o 
OS 1/ Dea p 4 , Ww : , Supply 
( Ss} rt , 
= i nd ] ‘ I lera Pacifi } tr Ce 
7xz Cary 7*Ve AUERS 2 /ay,- ara a . 
lousy dighting !/ - 
Continued on page 28A) 
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SHEFFIELD ANNOUNCES FIRST 


GUARANTEED LIGHT STABLE’ 
STYRENE PLASTIC DIFFUSERS 


Frost-White-X diffusers now guaranteed 
against discoloration for 50,000 lighting hours 


You can now obtain styrene shields and pans for fluorescent fixtures that not only have out- 
standing resistance to breakage and extreme flexibility, but are backed by a written guarantee 
against excessive discoloration for 50,000 lighting hours!! 

The result of a 2-year development program, Sheffield’s Frost-White-X styrene is the first to be 
so guaranteed. Exhaustive laboratory tests have established its light stability and made it 


possible for Shefheld to issue this guarantee. 


In addition, Frost-White-X diffusers have a non-reflecting surface finish, will not become brittle 


with long use and can be colored to match your requirements 


| TRADE MARK 


Fixture Designers and Manufacturers 
Frost--White-X diffusers permit you to: 
1. Guarantee their light stability. 
2. Use economical styrene diffusers instead of 







Frost. acrylic or glass. 
WHITE-X .— a : ; —_ 
: STYRENE 3. Eliminate practically all breakage in shipping 
0000 co aol " . 
and handling. 
4. Cut material costs by reducing diffuser cross- 
sections. 
seeeets 5. Simplify fixture design and assembly. 
Lighti 
= Architects 
Hours ‘ , 7 hite-X di : ona © ; 
30000 « By specifying Frost-White-X diffusers or pans you can: 










Mw 


1. Avoid degradation and put lasting quality and 
appearance into lighting fixtures. 

2. Minimize fixture cost without sacrificing per- 
formance. 
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Improve lighting efficiency. 
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Simplify cleaning and maintenance. 
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Increase design possibilities. 
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Light stability of FROST-WHITE-X diffusers 
is more than twice that of heat resistant 
styrene diffusers. 






















See us at Booth 73, 
the 2nd National f ie 
° ° ° Pons 
Lighting Exposi- F sed to wi ih csry 0, a 
2 ¥ 
tion, March 1-4, } on ae 'S-Spr ie in — ighcing fuith ee 
New York City f Merde [iminating Seb Commz? Poingys, Aoorese EPOS-Whing on 
2 os, Che Chang Bincering Ree OF th. Measure Fixture % pol eng 
—_ Tess, 5 8 So rs Lighe c ho by the pode, ithour yrene are 2 
mee 7 Peper, 0! and F ome Procedure NOF8tION dag Fd 
2 


* The Sheffield Guarantee of Light 
Stability — given to every user of 
Frost-White-X diffusers and sheet material — ‘ 
guorentees replacement of any Frost-White-X fluores- 
cent fixture component which exhibits more than 20 points of 
yellowness** after 50,000 lighting hours. 





** As defined by the ght Control and Equipment Design Committee, Iiluminating Engineering Society 





WRITE FOR COMPLETE DETAILS 


(oon 


Sheffield Plastics Inc. 

Section 91-B 

Sheffield, Mass. 
Send details on your Frost-White-X guarantee of light stability. 
Send technical data on Frost-White-X diffusers. 


Have your representative call. 





Nome Position 

Company 

Street 

City Zone State 


Break-resistont FROST-WHITE-X shield easily withstands bend around 


circline lamp. 


FIRST IN PLASTICS FOR LIGHTING 


HEFFIELD PLASTICS 


SHEFFIELD, MASS. 





Coad, O. E 1201 Fairview Ave Winter 
Park, Fla 

Connelly, G. W., Florida Power & Light Co 
Daytona Beach, Fla 

Hampton, D. R., Joseph M. Shifalo Associates 
Winter Park, Fla 

Olive, J E Palmer Electric Co., Winter 
Park, Fla 


FOREIGN NON-SECTION 


Associate Member 
Almenar, Jose V Federal District Court 


Caracas, Venezuela 


GOLDEN GATE SECTION 

Member 

Howell, W. D Pacific Gas & Electric Co., 
San Francisco, Calif 

Associate Members: 

Furio, R. L., Pacific Gas & Electric Co., 5an 
Francisco, alif. 

Grundy, R. D., Pacific Gas & Electri 
San Francisco, Calif 

Newcomer, W W., Lok Products Co., 
Mateo, Calif 

COUNCIL EXECUTIVE Committee hears state-of-operation reports from senior ‘Sturgeon, J. J. H., Pacific Gas & Electric Co., 


. . . . ° Concord, Calif. 
staff. Reporting on over-all Society affairs at the Committee’s January 8 aes 


meeting is A. D. Hinckley, Managing Director (standing). Reports were also HAMILTON, ONTARIO CHAPTER 
made by C. E. Ellis, Advertising Manager and Ruby Redford, Editor, covering Member 


Gaskin, J. M Canadian General Electrix 


future plans, and comprehensive details (with charts) of the 1958 operation. 
Co., Ltd., Hamilton, Ont 


Left to right in the picture are G. F. Dean, Treasurer; Mr. Ellis, Mr, Hinckley; 
G. J. Taylor, LES President; C. L. Crouch, Technical Director; and R. G. Slauer, HEART OF AMERICA SECTION 
, . A uv b 
Second Vice-President. Also present (behind the camera), Miss Redford. ree 
Anderson, R. F., Bob Anderson Co., Kansas 
City 11, Mo 


INDIANA SBECTION 

Member: 

Mitchell, M. I Mitchell Cleaning & Paint 
Co., Muncie, Ind 

issociate Members 

*heasant, < k Sylvania Electric Products 
ne Indianapolis, Ind. 

Rome R. F., Romer Electric Co., Indianap 
olis, Ind 

Turpin, J. B., Sylvania Electr Products Inc., 


raska-lowa Ele 


YLVANIA SECTION ; 
Indianapolis, Ind 


Readir INLAND EMPIRE CHAPTER 
reading 

issociate Members: 
ostetter Drive M 


Crampton, R. M., Electric Smith, Ine 
kane, Wash 

Repp, C. W., Washington Water Power Co 
Spokane, Wash 


N (CHAPTER 


nadis Vest he 
anadian V ing Iowa SECTION 


ng Materials Ltd.. Edmon issociate Members 
Gardner, F. R., Westinghouse Electric Supply 
SECTION Co., Davenport, la 
Maffit, J. Z Iowa Power & Light Co., Des 
Moines, la 


Continued on page 46A) 





1.E.S. National Technical Conferences 


1959 —- September 7-11 — Hotels Fairmont and Mark Hopkins, 


San Francisco, California 


1960 — September 11-16 — Penn Sheraton Hotel, Pittsburgh, 
Pennsylvania 


ne sama _ — 1961 September 24-29 — Chase Park Plaza Hotel, St. Louis, 


eteut Missouri 
embers 


Frenct ‘ house 1962 — September 9-14 — Statler-Hilton Hotel, Dallas, Texas 
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Stnheo- LOW BRIGHTNESS Louvers 


¢ 


lluminating Engineer Car! S 
Schranz Lighting Company, ir wit 
Archito ic ¥ wthoer co! hea lint na 
m tect Richard L. Crowt day ~ tog tite. iting We invite you to visit the Sinko display at the National 
n The Fontius Shoe Store in Denver, in which Lighting Exposition, Spaces 44-45, March 1 thru 4, 4 

at the New York City Coliseum. 


; 5 +} { 
ra é rs } e 16. é 
A 4 t qauy AU ' 4 


tar 


Sinko Gray-Cell Louvers played an important part. 


PROBLEM—To install a drop luminous ceiling with a 
balcony wall on two sides, and the high ceiling with 
several conventional fixtures, a 300 foot candle 

evel on the merchandise was desired 


SOLUTION—96" T 17 power groove, cool white lamps 
f suspended 30 inches above a lumin 
nko's Lo-Brite, Gray-Cell, Plastic Louver 
in an aluminun 
RESULT—This unusual treatn 
ng the three A's of store lig 
ve customer... easy appra 
eee andare 
i, too, can achieve clean-cut, m 
with minimum maintenance w 
cifying Sinko Thin-Ce 
These Louvers reduce 


1 ir P r 
ana rease Ww K 


SINKO MANUFACTURING AND TOOL CO. 
7310 W. WILSON AVE., CHICAGO 31, ILL. 





GUARANTEED 
PN =>) 0] Oe gS 
WEATHERPROOF 
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FLUORESCENT 
BALLAST 


FOR HIGHWAY LIGHTING, AREA LIGHTING, BILLBOARDS, AND PLASTIC SIGNS 


The new Nor’easter—first fluorescent ballast that @ WEATHERPROOF, CORROSION-PROOF CASE 

is completely weatherproof —guaranteed against ser Entire case is hot-dip galvanized. After ballast assembly, 

vice failure due to weather conditions for 2 years. the seams of the lid are sealed to form a completely 
weather-tight unit. 

@® AQUALIFT SEALED PIPE NIPPLE — Jefferson’s 
exclusive Aqualift Sealant prevents moisture from 
entering through the pipe nipple—retains its sealing 
properties thru extremes of heat and cold. 

@ NEOPRENE LEADS will withstand exposure to wea- 
ther and temperature changes without deterioration. 

@ HEAVY GAUGE MOUNTING — Extra heavy mounting 
brackets. 

EASY INSTALLATION 


Mount it in any position—this ballast has no ‘upside 
down" or “‘backwards"’ 

© LARGE, EASILY ACCESSIBLE WIRING COM- 
PARTMENT—open on two sides—conduit lock nuts 
easily secured. 

@ FOUR KNOCKOUTS— on either side, bottom, and end 
of ballast. 


Models available for 800, 1400 and 1500 M.A. lamps. 
Send for complete information—temp. ratings, dimen- 
sions, weights, and electrical specifications. 


J effe rsO ne WeatHeRPROOF BALLASTS 


Jefferson Electric Company, Bellwood, Illinois 
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same brillian 
reflective ower 


robAl-1Mmiilelah ae alee? 


= = 


eecthey go 
together! 


NEW MAJOR FACTORY 


National Demand for ALZAK* Process Reflectors force MAJOR to Expand Again! 


Yes, we've just completed building new and even THAT'S why it’s always wise to specify MAJOR 
larger facilities for manufacturing ALZAK PROC- ALZAK-Processed reflectors on every inside or out- 
ESSED aluminum reflectors here at MAJOR! We side lighting job that comes your way. The MAJOR- 
can now offer you not only better service—but also ALZAK combination assures you a vastly superior 
lower cost—at the same high standards of quality reflector that does not rust, tarnish, chip, or peel— 
that have made the name MAJOR famous. that gives you far more brilliant lighting results. 


*A proprietory term of the Aluminum Company of America 


. 


Write - Call - For Your MAJOR ' 
SILVER AMMIVERSARY GIFT! MAJOR EQUIPMENT COMPANY 
PS pos 4603 Fullerton Avenue 7 Chicago 39, Illinois 
rn 509 ag te ion SPaulding 2-7600 
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Revere Outdoor Lighting Report 


Lighting a store front 


The Problem: To draw attention to 
a store front and make it look inviting to 
shoppers by providing high level, uniform 
lighting for the wall and sidewalk area. 


The Answer: Revere 9605 Fluorescent 
Luminaires were installed to give the high 
level of illumination desired. Eight-foot units 
were joined to form a continuous, attractive 
light source that makes the store look invit- 
ing. Each 8-foot unit contains two Very High 
Output lamps and has two 4-foot doors for 
fast, easy cleaning and maintenance. 


No. 9605 
Fluorescent Luminaire 





The Problem: To illuminate a race 
track for better visibility, and to provide es- 
pecially high intensity lighting for dramatic 
effect at the finish line. 
No. 2000 Series 
The Answer: Revere Eliptor Flood- Floodlight 
lights mounted on Revere Hinged Poles No. : " 
199-D-30 were installed along the track. In Fist | _ No 3803 
the grandstand area, floodlights were aimed Eliptor Floodlight 
toward the finish line to heighten the in- 
tensity. Revere No. 2000 Series long range 
floodlights were mounted on the grandstand 
roof to further illuminate this area 


— 





The Problem: To illuminate a road- 
way encircling a restricted area at the 
Shippingport, Pa. Atomic Energy Generat- 
ing Plant for both visibility and security. 


The Answer: Revere Star-Lux Lumi- 
naires were installed around the entire perim- 
eter of the restricted area, lighting the road- 
wav and a 45° sloping embankment adjacent 
to it. Star-Lux Luminaires use up to 10,000 
lumen incandescent lamps or 250 to 400-watt 
mercury lamps to provide any of the five 
A.S.A.-LE.S. light distribution patterns 


No. 2311-A/2363 
Stor-Lux Luminaire 


Write for Revere’s complete catalog of outdoor lighting equipment 


OUTDOOR LIGHTING 


Revere Electric Mfg. Co. © 7420 Lehigh Avenue e¢ Chicago 48, Illinois (In suburban Niles) 
Long Distance Phone: Niles 7-6060 © Chicago Phone: SPring 4-1200 ¢ Telegrams: WUX Niles 


In Canada: Curtis Lighting, Ltd., Leaside, Toronto, Ontario 
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the sculptured look in lighting 
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Here is a new, richly formed Visionaire® which, 

like today's architecture, fuses the functional with the 
aesthetic. Gently curved illuminated metal sides and refined 
styling give these surface-mounted luminaires a modern, 
sculptured look. The low brightness illumination 

from the sides make the fixtures ‘‘blend'’’ smoothly with 
the ceiling. Application versatility is greatly enhanced by a 
choice of single-element, fully framed diffusers 

including the Sunbeam-exclusive SUNLUX® prismatic 
plastic lens panel. The diffuser assembly opens from either 
side on full-length, invisible hinges. Installation and 
maintenance requires a minimum use of tools. 

Units available for 2 or 4-lamp rapid start operation 


For complete details write for bulletin ~A84A 





, Ret, cd ’ 
¢ | 
VA as 














Coe, 


ENGINEERED FOR LONG BALLAST LIFE 


SUNBEAM LIGHTING COMPANY + LOS ANGELES, CALIFORNIA + GARY, INDIANA 














details make the difference 


MODULAR SIGHTRON : A new 4-foot molded styrene diffuser for a smooth 
line of light...new hidden hinges for easy maintenance and positive 
locking... neat and clean end detail with no exposed screws, no cluttered 
construction. It is exclusive and carefully designed details like these 
that add so much to the finished appearance and performance of light- 
ing in your commercial interiors. You'll find that Modular Sightron’s 
glare-free illumination is ideal for office, store, school, hospital corri- 
For a 120-PAGE CATALOG-BINDER fully detailing 
[E-29. 


dors and utility areas 


Lightolier’s wide range of architectural lighting, write Dept 


LiGHTOLIER 


ARCHITECTURAL LIGHTING * RESIDENTIAL FIXTURES * PORTABLE LAMPS 
MAIN OFFICE AND FACTORY: JERSEY CITY 5, NEW JERSEY 


See all the newest Lightolier desiqns at these authorized distributors: 


MICHIGAN Neagara Falls New Castle San Antonio 


ALABAMA 
Bermingham 
Mayer Elec. Sup 
ARIZONA 
Phoentx 

Brown Wholesale Ele 
CALIPORNIA 
Sen Franc 

California Ele iw 
COLORADO 
Denver tral Ele 


CONNECTICUT 


DISTRICT OF 
COLUMBIA 

Maurice Ele up 
National Elec Wholesalers 
0. R. Evans & Bros 
FLORIDA 

Mam: 

Farrey's Whsle. Hdwe. Co 
GBPORGIA 

Atlanta: Atianta Lig. Fix 
Noland 

ILLINOIS 

Chicago 

Efengee Ele 

Englewood Ele 

Hawkins Electr 

Hyland Ele Sup. Co 
Wholesale Ele ue 
Bigin: Fox Clec. Sup 
Rocklord 

Englewood Elec. Sup. Co 


Springheld 
Springfield Elec. Sup 
INDIANA 

Pr. Wayne 

Mossman. Yarnelie Co 
Gary 

Englewood Elec. Sup. Co 
So. Bend 

Englewood Elec. Sup. Co 
IOWA 

les Motmes 

Weston Lighting Co 
KANSAS 

Kansas City 

W. T. Foley Elec. Co 
KENTUCKY 

Paducah: Ohio Valley Sup 
LOUISIANA 

Raton Rouge 
Electrical Wholesalers 
New Orleans 
interstate Elec. Cx 
MAINE 

Bangor: Standard Elec. Co 
Portland 

Holmes Elec. Supply Co 
MARYLAND 
Baltimore 

Excello Pub Serv. Corp 
MASSACHUSETTS 
Boston 

Mass. Gas & Elec. Light Co 
Henry L. Wolfers inc 
Piuchburg 

Service Elec. Sup. Co 
Putsfield: Cart Supply 
Springheld 

Eastern Elec. Sup 
Worcester 

Atlantic Elec. Sup 
Benjamin Elec Sup 


Detrow 

Madison Elec. Co 
Michigan Chandelier Co 
Flimt: Royalite Co 
Grand Rapids 
Purchase Elec. Sup. Co 
Pontiac 

Standard Elec. Co 
Saginaw: Standard Elec 
MINNESOTA 
Duluth 

Northern Elec. Sup. Co 
Minneapolss 

Charles A. Anderson & Co 
Northiand Elec. Sup. Co 
St. Paml: Lax Elec. Co 
MISSOURI 

St. Lomis: M. K. Clark 
NEBRASKA 

Omaha 

Electric Fix. & Sup. Co 
NEVADA 

Reno 

Western Elec. Dists. Co 
NEW HAMPSHIRE 
Portsmouth 

Mass. Gas & Elec. Light Co 
NEW JERSEY 
Atlantic City 

Franklin Elec. Sup. Co 
Camden 

Camden Elec. Fix. Co 
NEW MEXICO 
Albuquerque 
Albuquerque Dist. Co 
NEW YORK 

Albany 

Havens Elec. Co. Inc 
Binghamion 

Freije Elec. Sup. Co 
Buffalo 

Buffalo incan. Light Co. Inc 


Hysen Sup. Co 
Poughkeepsie 

Electra Sup. Co. 
Rochester 

Rowe Electric Sup. Co 
Syracuse: Superior Elec 


NORTH CAROLINA 
Charlotte 

independent Elec. Sup 
Durbam: Noland Co 
Greensboro 

Elec. Sup. & Equip. Co 
Kinston: Kinston Elec 
W enston-Salem 
Noland Co 


OHIO 

Akron 

The Sacks Elec. Sup. Co 
Canton: The Electric Sales 
Cincinnati: 6. & B. Elec 
F. DO. Lawrence Electric Co 
Cleveland: 4. Left Electric 
Columbus 

Eigee Elec. Co 

The Loeb Elec. Co 
Dayton 

Oueliman Elec. Co 
Toledo: Gross Elec 

Y oungstown 

Mart incustries 


OKLAHOMA 

Tulsa: Lawson Elec. Co 
PENNSYLVANIA 
Allentown 

Coleman Elec. Co 

Erie: Kraus Elec. Co 
Harrisburg 
Fluorescent Sup. Co. 
Hazleton 

Power Elec. Co. Inc 


Midwestern Elec. Co 
Philadelphia 

Ace Lighting Fix. Co 
Gold Seal Elec. Sup. Co 
Sylvan Elec. Fix. Co 
Pittsburgh 

Allied Elec. Sup. Co 
Argo-Lite Studios 
Doubleday-Hill Elec. Co 
Wally Elec. Sup. Co 
Reading: ColemanElec.Co 
Scranton: Lewis & Reif 
W ches Barre 
Anthracite Elec. Sup. Co 
RHODE ISLAND 
Pawtucket 

Major Elec. Sup. Co 
Providence 

Leavitt Colson Co 
SOUTH CAROLINA 
Anderson 

Sullivan Hdwe. Co 
Columbia 

Capito! Elec. Sup. Co 
Noland Co 

Greenville 

Sullivan Hdwe. Co 
SOUTH DAKOTA 
Watertown 

J. H. Larson Elec. Co 
TENNESSEE 

Jobuson City: Noland Co 
Nashville 

Nashville Elec. Sup. Co. 
TEXAS 

Dallas: Rogers Elec. Sup 
Pt. Wort 

Anderson Fixture Co 
Houston 

Marlin Associates 


Southern Equip. Co 
VIRGINIA 
Arlington. Dominion 
Elec. Sup. Co. Inc 
Noland Co 

Lynchburg 

Mid State Elec. Sup. inc 
Norfolk: Noland Co 
Rosslyn: Noland Co 
WEST VIRGINIA 
Charleston 

Goldfarb Elec. Sup. Co. 
Virginian Electric inc 
Huntington 

West Virginia Elec. Co 
W beeling: The Front Co 
WISCONSIN 
Appleton 

Moe Northern Co 

Eau Claire 

W. H. Hobbs Sup. Co 
La Crosse 

W. A. Roosevelt Co 
Milwaukee 

Lappin Elec. Co 
Standard Elec. Sup 
WASHINGTON 


Seattle 

Seattie Lighting Fix. Co 

ALASKA— Anchorage 

Northern Supply Co 

CANADA 

Montreal 

The Gray Elec. Co 
oronto 

Revere Elec. Dist 

Toronto Elec. Sup. Co 

HAWAII 


Honolulu 
Hawalian Light. & Sup. Co 
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world’s largest manufacturer of metal dining furniture, chooses Smoot-Holman 
lighting fixtures for true scientific lighting! 


a 
— —_——— — 


Robert Kjer Jakobsen, in conference in 
Virtue Bros. new product development 
department. Smoot-Holman scientifically 
designed lighting fixtures are used 
throughout departments of this huge plant. 


entifically designed yvleoleou ms [el aVy.y. | lighting brings you 
OO) Oh (Boe MiSs 8! | Cees @) B74) fe 
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Smoot-Holman’'s advance design analogue computer 
Used to achieve superior lighting design and unsur 
passed lighting performance! 
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Robert Kjer Jakobsen, Chief Designer at Virtue Bros. Mfg. 
Co., has this to say about SMOOT-HOLMAN Lighting: “‘We’re 
using Smoot-Holman Perfect Vision Luminaires in many 
areas in our office and plant because we feel they provide 
excellent light with no glare or sharp shadows. Before decid 
ing on Smoot-Holman lighting fixtures we made a survey of 
a number of lighting installations and came to the conclu- 
sion that the Perfect Vision unit was the ideal one from 
many angles. 

“In making our decision we took into consideration a number 
of things. Of first importance was to get a good lighting job 
...which the Perfect Vision Luminaires give. Other impor- 
tant advantages we found in the Perfect Vision Fixture 
were ease of installation and maintenance. With mainte- 
nance labor costs what they are, we have to consider not 
only the initial cost of fixtures but maintenance as well. 
We have found that the Smoot-Holman Perfect Vision 


Fixture meets all our requirements perfectly.” 
“5 UGHIyy 

S Ae 
As 
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SMOOT-HOLMAN co. /9) 


Inglewood, California 





new cool 
Sola ballast 


easily passes 
“im-fixture” heat tests 


coolest coils 


and capacitor 
eiwe full ballast life 


Ballast fur two 40-watt rapid-start lamps 
Catalog Number 670-109 





O CONSTANT 
SEqUEnSLar 


MAL ae bo DER ONE OR MORE OF THE FOLLOWII 
Us 5. 2806199-2346621-2489245.2552111 
car 1ADI AN PAT’'S. 439-590 (1947) AND PATENT 


FOR 2-T12 40 WATT RAPID START LAMI 
CAT. NO67O0-109, HIGHP. 
118 VOLTS 0.80 AMF 


LAMPS MUST BE WITHIN 1” OF | 
SOLA ELECTRIC CO. CHICAGO, 5C 


mo price penalty 


for this prermiur, 


performance 
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Now—totally new electrical and mechanical design 
sets highest standards of “in-fixture” ballast per- 
formance. This new two-lamp, 40-watt, rapid-start 
ballast is dramatic evidence of progress made pos- 
sible by Sola’s philosophy of conservative design. 
Sola views the ballast as integral with the lighting 
fixture and has consequently built its new ballast 
to pass exacting “in-fixture” tests and for actual 
operation under the most demanding conditions. 


This new rapid-start ballast is designed to give 
only a 42°C coil-temperature rise when tested 
according to U.L. and E.T.L. methods. New cir- 
cuitry increases ballast efficiency through reduced 
wattage loss. 


The new ballast was tested in a four-lamp fix- 
ture, completely enclosed and surface-mounted on 
acoustical material. Temperature in the fixture chan- 
nel was 18°C hotter than the usual 40°C ambient 
of U.L. and E.T.L. tests. Despite these severe test 
conditions, the following impressive results were 
recorded. 


@ Maximum coil temperature was 89.3°C. This is 
15°C cooler than the limit of Class A insulation. 


e@ Temperature of the capacitor’s case under this 
especially severe test was within the heat limits 
of the capacitor’s insulation. 

e The “hot-spot” temperature on the ballast case 
was 81°C. This is 5°C cooler than premium-priced 
ballasts similarly tested, and it is 9°C cooler than 
the maximum allowed under U.L. fixture require- 
ments. 


This new level of cool ballast operation contrib- 
utes to full ballast life. These improvements result 
from Sola’s concept of ballast engineering that treats 
the ballast as integral with a fixture and part of 
the complete lighting system rather than as an 
isolated component. This approach has produced a 
major engineering breakthrough — the elimination 
of thermal insulating barriers which formerly con- 
fined ballast heat within the coil and capacitor 
compartment. Now, heat is far more easily dissipated 
through the case and fixture. The combination of 
fixture and Sola ballast now team up for cool, 
efficient, trouble-free operation. 








WATTAGE 
C BALLAST 


G SOLA PATENT NO.’S 


CONNECT BALLAST AS SHOWN © 4 





2582291 AND PAT. PEND. 
PEND. 


S AT 425 MA 
' 15 WATTS LOSS 
5 60 CYCLES 


IETAL REFLECTOR 
ILLINOIS U.S.A. 


Send for test ballasts or literature 


Sola will furnish fixture manufacturers with samples of this new ballast. 

Write to us on your business letterhead, and a Sola sales engineer will promptly 

supply your test ballasts. Sola welcomes the challenge of having you evaluate this cool new 
ballast in your own fixtures. If you wish merely to examine data on the 


new model, please request Bulletin 3B-FL-352 Write to the Manager, Lighting Sales. 


Sola Electric Co. (A Division of Basic Products Corp.), 4633 West 16th St., Chicago 50, lil. 
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...a 4'x 4’ Recessed Unit 
to complement Sylivania’s New Troffer Series 


Now at your command—shallow recessed fixtures in 1’, 
2’ and 4’ widths to fit all modern ceilings. 
Sylvania’s new Troffer Series represents completeness 


in every sense of the word. Three separate housing designs 





The advanced feotures found in Sylvania's Troffer 
Series — shallowness, concealed hinges and latches, 
variety of housings and shieldings, snap-up hanger 
and many others —are typical of the inherent advan- 
tages built into each and every Sylvania fixture line. 

Take a look at Sweet's Architectural File for a 
quick review of Sylvania’s complete and modern 
line. Better yet—send for a complete fixture catalog 
today. Leaf through it and you'll soon discover the 
wide choice of fluorescent lighting equipment 
offered by Sylvania. 











are available to fit quickly and easily into every type of 
ceiling construction. You get complete choice of shield- 
ings in both one and two foot widths—and in four and 
eight foot lengths. Matching incandescent Accent Units 
allow for pattern lighting or the creation of special effects. 

To complement this Troffer Series and to expand the 
design potential of recessed lighting systems, Sylvania 
now offers a versatile 4’ x 4’ shallow recessed fixture 
featuring the same clean, smart appearance and the 
up-to-date design advantages which permit simpler and 
faster installation. This attractive 4’ x 4’ unit places 
another distinctive and useful lighting tool in your hands. 

For complete information on Sylvania’s Troffer Series 
and 4’ x 4’ units, write to: 

SYLVANIA LIGHTING PRODUCTS 
A Division of SYLVANIA ELECTRIC Propucts INc. 
Department 59-1 
One 48th Street, Wheeling, West Virginia 


20 viovern we HONS Y SY LVANITIA 


LIGHTING « 
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y Fluorescent Lighting Fixtures and Systems 
BEST FIXTURE VALUE IN EVERY PRICE RANGE 


TELEVISION » RADIO « ELECTRONICS + PHOTOGRAPHY + ATOMIC ENERGY + CHEMISTRY-METALLURGY 
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Meet Today’s Needs for Higher Industrial Lighting 


Levels with fixtures bearing the 


LIM! Quality Label 


New, Higher I. E.S. Industrial Lighting 
Recommendations make the [RLIM LABEL 


MORE IMPORTANT THAN EVER BEFORE! 








e 


O Why do the new, higher, lighting levels now 


recommended by the Illuminating Engineering 
Society make thee RLM LABEL 


More Important than ever? 


A You can’t have Quality Lighting 
without QUALITY 


LIGHTING FIXTURES. 


Higher Lighting levels put more importance on 
conformance to highest RLM concepts of lighting fixture 
design, construction, performance and maintenance features. 


What is meant by... 
“Only the RLM Label provides 
this essential warranty of 


UNIFORM QUALITY..." ? 


It takes over 

1000 WORDS fo cover 
the RLM specifications for each type of fixture. Further, 
it requires the services of the Electrical Testing Laboratories 
of New York (an independent engineering organization ) 
to insure uniform and consistent conformance by 
making periodic tests from samples secured both from 
the production lines and the field stocks of every 
participating manufacturer. The simple passing of the 
tests by the submission of a sample or samples is not 
enough. To be entitled to the RLM Label, fixtures 
are subject to continuous examination and must 
uniformly meet the RLM quality Spec's so as to insure 
unvarying quality from fixture to fixture. 


STANDARDS INSTITUTE 
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RLM STANDARDS INSTITUTE, INC. 
Suite 8232, 326 W. Madison St 
Chicago 6, IIinois 


1 

! THIS COUPON IS FOR 

| MEN WHO WANT 

| ALL THE FACTS 

| © Please send the FREE RLM Specifi- 
cations Book containing latest Specifi- 

l cations and 10 pages of facts about 

| the RLM Label. Also, a complimentary 
copy of the New Higher |!.€. 5S. 

| Industrial Lighting Recommendations. 

a 


Nome 
Company 
Address 


City 











the 
work’s 
lighter 


© - | 


when 
the 

light’s 

brighter! 










WESTINGHOUSE SUPER-HI™ FLUORESCENT LAMPS 
ARE 2: TIMES BRIGHTER! 


Rosie’s just collected an armful of posies from the boss. 

Since they put in Westinghouse Super-Hi fluorescent 

lamps, everything’s looked brighter (244 times brighter 

than with regular fluorescents, in fact) and Rosie’s effi- 

ciency has soared. 

Of course what Rosie didn’t know is that: 

¢ “Ultralume’’™™ phosphors maintain maximum light 
levels for the life of the lamp. 

¢ Special cooling chambers give /onger life, as well as 
more light. 

¢ New leads are chromium-vanadium plated to elimi- 
nate end-darkening. 

¢ Smooth, slim design gives uninterrupted brightness 
all around the tube much lighter weight for 
safer, easier handling. 


40A 





e They're interchangeable . . . can be used in any fix- 
tures designed for new high intensity lamps. 

This all made the boss very happy, too. He found not 

only were morale and efficiency higher, but that he 

could save money while getting more light from the same 

number of fixtures. 


Why not get the details for yourself? Just call your local 
Westinghouse agent, or write—Westinghouse Lamp 
Division, Dept. 57-L-5, Bloomfield, New Jersey. 
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Background for Policy-Making... 


this distinguished Presidential Office 
... illuminated fittingly by 
LITECONTROL 


For making important decisions for receiving impor- 
tant guests, this top executive panelled office at Holliston 
Mills has been functionally planned and equipped. It and 
the conference room (small photo) are part of a newly re- | NSTALLATION: Holliston Mills, Inc., Norwood, Mass 
modelled, two-story office building and are a tribute to the AREA SHOWN: Presiden 's Office and Conference Room 
architects ; ARCHITECT; Korslund, le Normand & Quann, inc., Norwood, Mass 


Litecontrol luminous ceilings are used in most of the pri ELECTRICAL ENGINEER: Martin E. Keane Associates, Boston, Mass 
; ELECTRICAL CONTRACTOR: Hixon Elect 
vate offices on the second floor. An unusual feature is the . 
| DISTRIBUTOR: General Electric § 
mounting of the ceilings at a slight (5°) angle. They slope — 
‘ ‘ FIXTURES 
downward from the window wall to the inside wall i ecentro! Lum 


x 5 sf 
Another interesting feature is the ‘free-floating’ character 4x4 
| NTENSITIES 


of the ceilings — they do not extend completely to the walls seme 


There is a space of some 12 to 15 inches all around each 
luminous ceiling 


Plastic grid louvers are the diffusing medium and 


provide 
excellent intensity as well as maximum comfort in seeing 
Even in the photos, the very low brightness of the louvers is 
apparent. (The detail in the louvers is clear despite the high 
intensity 


Remember, LITECONTROL accomplishes result 


with standard fixtures that save money! Can we help yoz KEEP UPKEEP DOWN 
LITECONTROL CORPORATION, 


36 Pleasant Street, Watertown 72, Massachusetts 


DESIGNERS ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING 2uU c a c t UG ! c WHOLESALERS 
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BIRD'S EYE VIEW OF Quiet-Light 


QUIET-LIGHT 
recessed troffers 
are shown from 
above, suspended 
by slide grip 
hangers from the 
Original ceiling. 
Wall angles are 
mounted and 
spacer bars 
inserted between 
rows of troffers 
and wall angles. 


QUIET-LIGHT, a new kind of lighting and 
acoustical ceiling system cuts construction costs 
because it eliminates the separate T-bar grid 
required by ordinary suspended ceiling systems 
It provides evenly diffused wall-to-wall quality 
lighting with efficient acoustics at decidedly lower 
cost. Write for catalog and specification sheet today 


SOLD ONLY THROUGH QUALIFIED ELECTRICAL DISTRIBUTORS 


METALCRAFT PRODUCTS CO., INC., 6225 State Road, Phila. 35, Pa. + DE 2-7300 





In completed 
installation, 
acoustical panels 
are suspended on 
QUIET-LIGHT 
troffers, spacer bars 
and wall angles. 
Diffusers of 4" thick 
white polystyrene 
extruded plastic 
extend 1” below 
ceiling line, directing 
some illumination 

to ceiling area. 


Illustrated above, QUIET-LIGHT 
installation in Detroit (North) 
office building for occupancy 
of International Business 
Machines Corporation 


Architects 
Pedersen & Tilney 
New York City 
Consulting En: 
Jaros, Baum & Bolles 
New York City 


_ gineers 
/a 
;NEMA} : 
ys Electrical Contractor: 
—* Harian Electric Co 


Detroit 

Acoustical Contractor: 
Detroit Fibregias, 
insulation Div., Detroit 
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NEW...from } 24° High-Bay 
APPLETON | | Mercury Vapor Lighting Units 




















higher production. . . fewer rejects .. . 
improved employee relations . . . extended safety records 


more effective illumination at the work levell 
Here is a precision-designed lighting unit for large industrial interiors and high-bay plant 
areas. High illumination levels without uncomfortable glare... Ventilated hood for lower 
Operating temperature and minimum dirt accumulation ...the new APPLETON 24” High- 
Bay Mercury Vapor Lighting Unit is a unique combination of technical features which give 
you more useable illumination at the work level. Available in: 1 pc. socket type construction 
or with the 2 pc. APPLETON DISKONECT time-saving maintenance feature. (Permits both 
Jamp and reflector to be removed as a complete unit without disturbing wiring!) Reflecting 
surfaces are of ALZAK* processed aluminum. Available for concentrating or spread-type 
illumination distribution. For use with 1,000 Watt Mercury Vapor Lamps, this new APPLE- 
TON 24” High-Bay Mercury Vapor Lighting Unit is designed to meet your specific needs. As 
with all APPLETON Industrial Lighting Products... you can see the difference! 


*A proprietory term of Aluminum Company of America 


Sold Through Franchised Distributors Only 


Also Manufacturers of: > a~ sh 
APPLETON ELECTRIC COMPANY i Dour a E 
1701 Wellington Avenue, Chicago 13 a Oia _— Pi al Uh 


Malleabie Iron 
“ST” Series Connectors Unilet Fittings Reelites 
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TING STANDARDS 
“MOST FOR YOUR MONEY” 


Before you specify another lighting standard, take a 
hard look at your costs. Look at the cost per unit 

to be sure, then consider the cost of installation. 

In this regard, nothing compares with the ease of 
handling light weight P & K aluminum standards. 
They speed installation, save time and labor. Then 
compare your maintenance costs. P & K aluminum 
standards never require painting, not on installation 
nor at any other time. How much can you save on 
this factor alone? As for simple good looks, P & K 
aluminum standards are in a class by themselves. 
They’ll confirm your good taste as well as your sound 
business judgment for years to come. 


You'll find a wealth of helpful information in 
P & K :*reet and highway lighting brochures. 
Write for your copies. 


HERE'S A COST CUTTING IDEA: 


In this on-the-job photo, the crew is changing the glass- 
ware on the luminaire. Instead of inadequately cleaning 
it on the spot, they replace it with a clean one. Then, at 
the end of the day’s run, they bring the dirty globes back 
to the shop for a really thorough cleaning, and out again 
a day or two later to be used as replacements for others 
This simple maintenance trick results in a better job 
done faster, at lower costs. Of course, the P & K standard 
never needs maintenance 











PFAFF & KENDALL 


84 FOUNDRY ST., NEWARK 6, N. . 
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FAMOUS 
ALL-BRITE 
HI-OUTPUT 
INDUSTRIAL 


A NEW 30° 
MATCHING 
LOUVER 

for GUIDED 
LIGHTING ... 





j 
YL 


ALL-BRITE 
ALL NEW 


wer Droove 


DESIGNED 
SPECIFICALLY 





FOR BUILT 
ALL THESE LIKE A 
GREAT LAMPS: HEAVY-DUTY 
VHO, SHO, TRUCK: 
Power Groove ——” 
SAFE 


send for catalog and data sheet 


ALL-BRITE FLUORESCENT FIXTURES, INC. 
352 SHAW ROAD, SOUTH SAN FRANCISCO, CALIF. 





PLANTS ALSO IN LOS ANGELES AND SEATTLE. oe 
IN CANADA: ALL-BRITE LIGHTING (B.C.). VANCOUVER. B.C. 
REPRESENTATIVES THRUOUT THE UNITED STATES AND CANADA 





NOW—FOR BIG OUTDOOR LIGHTING JOBS 
[STEBER\ (24 the sight Wome 











Units, réccessories, Prices! 


The. Steber line offers every popular type of unit for spot and 
floodlighting loading docks, railway yards, parking lots, sports 
areas, plazas—anywhere good, economical lighting is required. 

When you specify Steber, dollars go farther and outstanding 
lighting installations are achieved on even limited budgets! 


EBER 


again 


| 
at | 5 


STEBER FLOODLIGHTS 





SERIES 4000 
SPORTSLITER 


SERIES 2400 
700-1000 WATT MERCURY VAPOR 


Lighting Units KGQASAA for Every Need 


STEBER MANUFACTURING CO., DEPT. 66-B, BROADVIEW, ILL. 





NEW COUNTER-BALANCED 
HEAVY DUTY POLES 


Steber hinged poles are available 
in 16’, 18’, 20’, 24’ and 30’ heights. 
Standard or heavy duty types 
for every application. 

New Steber Counter-Balanced 
poles are designed especially for 
heavy loads such as fluorescent 
floodlights or mercury vapor 
floodlights with attached bal- 
lasts. The counter-balance makes 
raising and lowering heavy loads 
easier and safer. 

For more information, write 
for catalog. 


101 Lighting 
Combinations 
—from stock 


STEBER FLOODLIGHTS 
for Pole, Wall or Crossarm Mounting 

Steber floodlighting equip- 
ment eliminates wasted time and 
effort —makes selection of light- 
ing units simple and convenient 
by offering a wide range of flood- 
lights for incandescent, fluores- 
cent and mercury vapor lamps. 

In addition to the wide variety 
availabie, all Steber floodlights 
feature the latest aiming, mount- 
ing and wiring devices for con- 
venient installation and easy 
maintenance. The exclusive 
Steber electro-chemical finish 
“ANODAL” produces a glass- 
hard dirt-repellent, weatherproof 
finish on all aluminum reflectors. 

Write for the Steber Catalog 
today. Examine the complete 
Steber line of floodlights, spot- 
lights and poles. 
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Kecolddéomary \\tNING S1SiEH 


EXCLUSIVE FEATURES: 





NEW U TUBE LAMPS — 96 T-12 HOT CATHODE 

HIGH FOOT CANDLES at LOWEST INSTALLATION COST 

EASY & QUICK INSTALLATION ... CLEANING SIMPLEST IN INDUSTRY 
INSTALLED WITH PATENTED SELF-SUPPORTING BAR-JOIST 


BEFORE 


TRANSOLITE FIXTURES can be used as shown... 


or with new diffusers hung directly from unit. Either 


open plastic egg-crate with %2” 45° cut-off—or, 


with new plastic egg-crate 9” square openings into 


which new type vinyl pan is dropped. Esthetically 


pleasing — continuous unbroken pattern diffusers. 


For details contact: 


R. W. Lester, Pres. TRANSOLITE CORP. 


Manufacturing IHuminating Engineers—Complete Engineering Service 
550 - 5th Avenue, New York 36,N. Y. ¢* ph: Plaza 7-6620 
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In less than 10 minutes, this man will have finished replac- 
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The unique advantages of Thompson “Servisafe” Metal 


Poles assure year-round all-weather lighting maintenance 


at minimum cost. In fact, there is no easier, safer or more . 
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ONLY TWO PIECES TO INSTALL 


...and both Light-Weight 





WITH GARCY “ULTRA-LUX" 
Curved diffuser in 12” or 24” widths 





OR 60TH ANNIVERSARY ‘ 
Rectangular diffuser in 12” or 24” widths L 


It's a snap to install these Garcy fixtures. Only two basic 
parts to install, that’s all. No on-the-job assembly work. 
End plates, diffuser panels and hinge fittings are all pre- 
assembled for you before shipment. 

And Garcy fixtures are easy to handle. Even a lightweight 
like the gal above could handle these compact fixtures all 
day without tiring. 

Find out for yourself how much on-the-job time you can 
save with Garcy fixtures. 


Send for Bulletins 
581-L and 582-L. 


GARCY LIGHTING 


division of Garden City Plating & Mfg. Co. 
2475 Elston Ave., Chicago 47, Illinois 


CHICAGO * NEW YORK * LOS ANGELES * TORONTO 


49A 
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Cast Aluminum Quality 


mcPhilben's 32-88 square ceiling unit is 
UL-approved for two 100 watt lamps. its 
clean, modern lines, combined with 
maintenance-free operation, make it the ideal 
choice for institutions and industry 

corridors, lobbies and lavatories 


The 32-88's face plate is of solid cast 
aluminum with a gleaming satin finish 
Corrosion resisting construction features a 
reinforced and insulated back plate of 
zinc-clad bonderized steel. The cast carrara 
giass bow! swings to one side for easy 
cleaning. Available with mcPhilben’s exclusive 
one-piece cast aluminum hinged guard. Also 
in vaportight 43-88 series 


Ask your nearby mcPhilben representative for 
full details. See our insert in Sweet's file 
32a/me or write for data sheet. 


salem adalilel—Jal 


IMPARK 


y 
Lal NG ) 








EMPLOYMENT OPPORTUNITIES 








LIGHTING SALES REPRESENTATIVE 
Excellent opportunity for capable aggressive 
salesman to make better than average income 
representing our company in Minnesota, North 
and South Dakota. We manufacture a com- 
plete line of fluorescent and incandescent light 
equipment for commercial, institutional 
residential applications—sold exclusively 
through recognized distributors 
Knowledge of Architect-Engineering specifica 
tions desirable 
All replies held in strict confidence—please 
send ful! details in first letter to 
Sales Manager 
Litecraft Manufacturing Corporation 
100 Dayton Avenue 
Passaic, New Jersey 


LINES WANTED 

New agency with heavy experience in ail 
phases of lighting wants quality lines for 
State of Florida and the Carribean Local 
architect and distributor following 

LIGHTING SALES ASSOC 

765 Allendale Rd 

Key Biscayne, Fla 


JUNIOR SALESMAN 
For Chicago and vicinity. Must have some ex 
perience in Lighting or Electrical field. Duties 
consist of quotations and sales calls on Elec 
trical Contractors, Distributors, Architects and 
Engineers. Hub Electric Company, 2255 W. 
Grand Ave Chicago 12 


REPRESENTTAION WANTED 
CALIFORNIA - OHIO 

By manufacturers of Church and Public Build 
ing lighting. Gives details, present lines, profes 
sional contacts, know-how; exclusive territories 
substantial margins or commissions Replies 
strictly confidential. Address Box 356, Publi 
cations Office Illuminating Engineering So 
ety, 1860 Broadway, New York 23, N.Y 





OUTDOOR LIGHTING 
SALESMAN 


The man we are looking for is 
now employed in outdoor lighting 
sales, possibly in a utility or else- 
where in the electrical industry. 
He has experience in contact- 
ing municipal engineers, utilities, 
architects, consultants, electrical 
contractors and jobbers. He is 
aggressive and looking for a 
chance to substantially increase 
his income. We have such a posi- 
tion with an immediate potential 
in and around New York City. 
Your headquarters will be an ex- 
cellent address in New York City. 
You will be given a good salary, 
a car, expenses, other company 
benefits including insurance; and 
an excellent opportunity for com- 
missions in an area where our 
product is in great demand. Your 
resume will be kept in strict con- 
fidence. Address replies to Box 
378, Publications Office, Ilumi- 
nating Engineering Society, 1860 
Broadway, New York 23, N.Y. 














REPRESENTATIVES WANTED 
To handle patented illuminated ceilings and 
lighting systems. Top lighting men with estab- 
lished contacts calling on architects, engineers 
and distributors, preferably with illuminated 
ceiling experience. Unlimited earnings. Terri- 
tories open—-New York, New Jersey, Delaware, 
Maryland, Penna. and New England. All re- 
plies strictly confidential. Our men know of 
this ad. Address Box 364, Publications Office, 
Illuminating Engineering Society, 1860 Broad- 
way, New York 23, N.Y 
LIGHTING REPRESENTATIVE 
WANTED 

One of the largest, most diversified fixture 
companies in country has following territories 
open: Florida. Carolinas, (Arkansas, Tennes- 
see, Mississippi) and Virginia. Only most ~~ 
fied specification level representatives will be 
considered. Replies held in complete confidence. 
Address Box 373, Publications Office, [lumi- 
nating Engineering Society, 1860 Broadway, 
New York 23, N. Y 


WANTED: 

LIGHTING REPRESENTATIVES 
Quality, old line manufacturer of America’s 
largest line of RLM industrial incandescent, 
flood, and sign lighting has opening for aggres- 
sive, established representatives in the states 
of Arizona, Colorado, Idaho, New Mexico, 
Utah, Virginia, and Wyoming. Write, giving 
qualifications, to Box 375, Publications Office, 
Iltuminating Engineering Society, 1860 Broad- 
way, New York 23, N. ¥ 


Nationally known manufacturer of specifica- 
tion quality commercial fluorescent-incandes- 
ent lighting fixtures and louvered ceiling sys- 
tems of all types, seeks lighting sales repre 
sentative who knows lighting and concentrates 
on engineers, architects and distributors. Com- 
plete new 100-page catalog. Territory southern 
half of Ohio 

The Kayline Company 

Mr. D. M. Tobin, Sales Manager 

2480 E. 22nd St., Cleveland 15, Ohio 

Telephone MAin 1-2805 


For State of Illinois (including Chicago) and 
State of lowa, with following among Jobbers 
and = Distributors—also calling on Architects 
and Engineers. Nationally known full line of 
Incandescent lighting—e.g Recessed-Adjust- 
able-Domelites-Concentrics, and Bullet lights— 
competetively priced. Address Box 376, Publi 
eations Office, Illuminating Engineerin So- 
iety, 1860 Broadway, New York 23, N.Y 


REPRESENTATIVE WANTED 
To handle complete line of outdoor hinged 
flood light poles. Top lighting men with estab- 
lished contacts calling on architects, distribu- 
tors, and engineers preferably with outdoor 
illuminating experience. Contact Box 377, Pub- 
lications Office, Illuminating Engineering So- 
ciety, 1860 Broadway, New York 23, N.Y 


DESIGNER-DRAFTSMAN 
Experienced in lighting fixture design and lay- 
out for commercial and institutional use. Ex- 
cellent opportunity, Submit full resume, back- 
ground, salary, et All replies held strictly 
confidential Address Box 379, Publications 
Office, Iuminating Engineering Society, 1860 
Broadway, New York 23, N.Y 


LIGHTING SALES ENGINEERS 


N.Y. manufacturer desires lighting sales en 
gineers with following among architects, engi 
neers, distributors, et Engineered line of 
commercial and institutional lighting fixtures 
National distribution. Many territories open 
Forward complete resume State lines now 
earried. Address Box 380, Publications Office, 
Illuminating Engineering Society, 1860 Broad 
way, New York 23, N.Y 


ILLUMINATING ENGINEERING 
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Breaking barriers . . . Revolutionary 
change in electronic dimmer control 




















| 
| 
| 
| 
| 
| 
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Now installed in the switchboard and in operation at the Yale Theatre, Yale 
University, New Haven, Connecticut, is the latest Control Rectifier” not a tube--not a mag 
netic amplifier—but the latest electronic means for dimming large lamp loads 
Features include 
Instantaneous response—no starting time required 
Infinite load dimming ratio from maximum rating t 
Drastic reduction in size—6” x 6" x 6”. 
Drastic reduction in weight—Net weigh 
N verdrive and n 
Stable 
No dip during 
Complete dimming to blackout 
9. No 


10. Completely inert 


surge 


cross fading 


significant heat problem—25 watt heat dissipation 


} 


Demonstration by appointment only 


LIGHTING. INC. 521 West 43rd Street, New York 36, N.Y 
1820-40 Berkeley St 


129th St 


Santa Monica 


N. Miami 


1477 N. E 





Young Eyes 

NEED GOOD LIGHT 

% engineered for 
proper efficiency 


% safe, comfortable 
brightness levels 


designed for 
today's architecture 





WILEY ZEPHYRS The beautiful unadorned lines of 


Wiley's new Zephyrs harmonize so well with any decor that you're 


R.A. \ 
unaware of the source of light. Their wafer-like thinness makes them 
ideally suited to installations where recessed fixtures cannot be used. N je ( 

f 


Available: 2 and 4 lamps; variety of shielding devises, solid or plas- 


tic sides : 
) ~ | COMPANY 


— P 
™ ?” - ; 
. ed ~ . INC. 
4 P.O. BOX 643 
SHEBOYGAN. WIS 
REVERSE PYRAMID 


PLASTIC GRID No. 70 GLASS 


Pioneers 
in Fluorescent Lighting CHURCH AND PUBLIC BUILDING LIGHTING 
R&W Dearborn & Bridge Sts., Buffalo 7,N.Y 


; 





CHURCH Lighting Job? 


Here's Dou helps you, 


am an) OPK, sate ASSISTANT TO LIGHTING 
ay SPECIALIST AVAILABLE 


: 

a 3 Salk : _ 
+ Can go to work within next 60 days to assist 
¥a'> . inyone concerned with lighting layouts, 
. lighting problems, or learning more about 

illumination. Latest knowledge of lighting 

techniques and application as well as com- 

| | cd plete information on lighting calculations, 
=“ measurements, design, ete. To get the help of 
this valuable assistant, write for your new 
: Third Edition, LE.S. Lighting Handbook, 
NOW. Delivery in March. Special prepublica 

f tion prices to LE.S. members and non-mem- 
ome on half-a-century of bers. LE.S. Publieations Office, 1860 Broad- 
, New York 23, N,. Y. 


church lighting experience, is yours for the was 
asking. 


| Selection fm hundreds of designs for traditional 


or contemporary churches. 


I Sales assistance fae representatives through- 


out the country, to help you clinch the job. 





Write for catalog 


Cc Z; formerly The Novelty Lighting Corporation 
2490 East 22nd Street, Cleveland 15, Ohio 


Designers and Manufacturers...Since 1905 
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ASSURES YOU BETTER BALLAST VALUE 


New recommended standards for ballast 
cross section and mounting dimensions 

aid fixture designers, architects, engineers, 
add flexibility for purchasing and replacement. 


DIMENSIONS (INCHES) 


(MAXIMUM) ; CORNER 
CROSS SECTION LENGTH (NOMINAL) MTG. HOLES 


A | B Cc i) E 
(WIDTH) | (HEIGHT) (MOUNTING) (DIA.) (WIDTH) 





2-3/8 |1-11/169 6 | 7-13/16| 8-57/64 | 9-17/32/11-1/4 14-7/16| 15-7/16 15/64 of 7/32 |1-11/16 


+ + + + + + + + > + + 


2-13/16 2 8-57/64 11-1/8 13-3/4 15/64 of 7/32 2 


on 4 4 4 +—— 


3-1/8 | 1-25/32 8-57/64 11-9/64 13-3/4 15/64 of 7/32 | 2 


+ } + 
3-3/16| 2-3/8 8-57/64 13-9/64 13-3/4 18-5/8915/64 or 7/32 2 


+ ————— 


3-3/16| 2-5/8 8-57/64 11-9/64 13 13-3/4 15-5/8 16-1/8 | 18-5/8]15/64 or 7/32 2 














“Drawn cases use center slot only for mounting 


ERE’S an example of CBM at work to give the 

fluorescent lighting industry better ballast value. 
As the result of a study by one of the technical 
committees of the Certified Ballast Manufacturers 
Association... 

22 different cross section dimensions for ballasts 

were cut to 5; 

35 different mounting lengths were reduced to 14. 


Obviously, this offers practical advantages to fix- 
ture manufacturers and engineers in the design of 
new units and makes for a wider choice of com- Chairman of CBM Technical Committee on study of bailast 
poneni sources, case dimensions discusses a point with a colleague one 
of many sessions 
But this is over and above the basic contribution of 


CBM—the specification that assures quality perform- 
ance from ballasts . . . including high light output, CERTIFIED 
long lamp life, high power factor, long life service 

. with conformance checked and certified by Elec- CBM BALLAST 


trical Testing Laboratories, And of course, Certified CERTIFIED 
MANUFACTURERS 


CBM Ballasts are UL listed! 
2112 KEITH BUILDING 


Learn why Certified CBM Ballasts serve you better 

. .why it pays to specify fluorescent fixtures equipped 
with CBM Ballasts as their control center. Write for: a 
How to Insure Your Lightine Investment Participation in CBM is open to any manufacturer who wishes to qualify 








CID SPECIALISTS 


IN TECHNICAL GLASS 


Hine” 
Hy | 


wr if i 7 


iH! wy MWh Nh, 


“,..@ pinch of thas 


and a pinch of that... 


To professional chefs, this means precisely-meas- 
ured ingredients to achieve specific and highly desir- 
able results. And that’s how Kopp-engineered 
glass lenses and color filters are made. 

A user requires a glass with specific color . . . 
mechanical strength . . . light transmission... . 
thermal shock resistance . . . or other properties. 
Kopp engineers analyze these requirements and 
develop a “recipe’’ (or batch formula) to meet 
them, properly proportioning and mixing care- 
fully-measured ingredients—various fluxes, sta- 
bilizers, and other materials. 

This mix is melted under accurately-controlled 
temperatures and the molten glass is pressed to 


exaci dimensions in Kopp-engineered molds. Sub- 
sequent cooling, annealing, grinding and finishing 
operations—all under strict quality control—result 
in a product which meets the user’s specifications 
exactly. 

Kopp engineers have produced more than 1000 
different types of specialized glass in this manner. 
We offer you a highly-perfected engineering and 
manufacturing service for parts required in rela- 
tively small production runs. Call or write us at 
your convenience. 


- 


GLASS 


Hopp GIass iwc. 


SWISSVALE, PENNSYLVANIA 





